J) 



Europaisches Patentamt 
European Patent Office 







Office europden des brevets @ Publication number: 0 508 699 A1 

EUROPEAN PATENT APPLICATION 

(g) Int. CI.*: C07H 17/08, A61K 31/70 



@ Application number: 92303003.5 
(22) Date of filing : 03.04.92 



(30) Priority: 04.04.91 US 680217 

19.12.91 US 811161 

26.03.92 US 855242 

(43) Date of publication of application : 
14.10.92 Bulletin 92/42 

(g) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT U LU NL PT 
SE 

@ Applicant : MERCK & CO. INC. 

126, East Lincoln Avenue P.O. Box 2000 
Rahway New Jersey 07065-0900 (US) 

@ Inventor : Heck, Jannes V. 
961 Nepawin Lan« 
Scotch Plains, NJ 07076 (US) 



Inventor : Leanra, William J. 

20 Rutherford Road 

Berkeley Heights, NJ 07922 (US) 

Inventor : Ratcliffe, Ronald W. 

234 Matawan Avenue 

Matawan, NJ 07747 (US) 

Inventor : Salzmannp Thomas N. 

154 Meadowbrook Drive 

North Plainfield, NJ 07062 (US) 

Inventor : Wllkening, Robert R. 

11 Salter Place 

Maplewood, NJ 07042 (US) 

Inventor : Szymonifka, Michael J. 

65 Whittler Road 

Clark, NJ 07066 (US) 

Inventor : Shankaran, Kothandaraman 

391 College Drive 

Edison, NJ 08817 (US) 

@ Representative : Thompson, John Dr. et al 
Merck & Ca, Ina European Patent 
Department Teriings Park Eastwick Road 
Harlow, Essex CM20 2QR (GB) 



CO 

in 



UJ 



(g) 9-0eoxo-8a-aza.8a-homoerythromycin a derivatives modified at tfie 4"- and 8a-positions. 

(57) Compounds of the fbnnula : 

CO). 

H3C>^H3 




where R is hydrogen, hydroxy*, alkyi or acy<. R' and R' together are oxo. hydroxyimino or aJkoxyimino. 
and R' and R" independently are hydrogen, hydroxyl. acyloxy, or amino substituted by any of hydrogen, 
alkylcarbonyl. arylcarbonyt, araikyicaibonyi, alkoxycarbonyt. aralkoxycarbonyt. alkylsulfonyl or arylsul- 
fonyl. and n Is 0 or 1. and the pharmaceutically acceptable salts thereof. The compounds are macrolide 
antibiotics and are also useful as intermediates to the synthesis of other macrolide antibiotics. 
Pharmaceutical compositions and mettiOH* of tb<tir ii«>a am aisrt nmviHnH fnr. 
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Iodide 


Acetate 


Isothionate 


Benzenesulf onate 


Lactate 


-'v 


Lactobipnate 




Laurate 


B 4 Q11 1 a o 


Malate 


o 1 ucir uTtiiue 


Maleate 




nandelate 


Bromide 


Mesylate 


uaicium Edetate 


Methylsulf ate 


uamsyxaxe 


Mucate 


^ar Donate 


Napsylate 


v^nxor lae 


Nitrate 


X cl Vu X and w e 


Oleate 


Citrate 


uxaxa t e 




ramoate (Embonate) 




Palfflitate 


Adisyiate 


Pantothenate 


ii«stoiate 


Phosphate/diphosphate 


Esylate 


Polygalacturonate 


£iuiiyisuccinat6 


Salicylate 


£ uiuci r aw e 


Stearate 


^Luceptat6 


Subacetate 


wxiicona 


Succinate 


Cjxutamate 


Tannate 


Glycollylarsanilate 


Tartrate 


Hexylresorcinate 


Teoclate 


Hydrabamine 


Tosylate 


Hydrobromide 


Triethiodode 


Hydrochloride 


Valerate 



DETAILED DESCRIPTION OF THE r^4VENTI0N 

The temi 'pharmacologicaily effective anxxint* shall mean that amount of a drug or pharmaceutical agent 
that will elicit the biological or medical response of a tissue, system or animal that ia being sought by a research- 
er or dinictan. 

The term "antibiotically effective amounr shall mean that amount of an antibiotic compound that wHI ach* 
ieve a level of antibacterial activity at the site of infection that is sufficient to inhibit the bacteria in a manner 
that allows the host organism to overcome the infection. 

The term "alkyi' shall mean cyclic or linear straight or branched chain alkane of one to ten cartxsn aton^ 
unless some specific number is given. The tenm 'alkenyi* shall mean cyclic linear straight or branched chain 
alkane of two to ten carbon atoms with one or more double bonds. The term "alkynyt" shall mean linear straight 
or branched chain alkane of two to ten cartx>n atoms with one or more triple bonds. 

The term aryl shall indude phenyl and napttiyl. 
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^ -^r- cH T 

4rv»-. >'o ..-.-A -^O*^ O ~" 




CH3 y ^r^. I 

O i \7 



(III) 



and the phamnaceutically acceptable salts and esters thereof, and the phannaceutically acceptable metal com- 
plexes thereof, wherein 
R1 is hydrogen: 
hydroxy; 

alkoxy; 
fonriyi; 

C,.io alkylcart>onyl, Ci,io aikoxycarbonyl, arytoxycarbonyi, Ci.io aralkoxycarbonyl, Ci,io aikylsul- 
fonyl, or ary*sulfonyl wherein said C,.io a*kyf group or aryl group Is unsubstituted or substituted by 1-3 halo (F, 
CI, Br), hydroxy, amino. C1-5 acylamino or aikyt groups; or unsubstituted or substituted C1.10 alkyi, C2-10 
alkenyl or €2-10 alkynyl wherein said substrtuents are independently 1-3 of 

(a) aryl or heteroaryl optionally substituted by 1-3 halo (F. CI, Br. I). Ci^ alkyI, C1.3 alkoxy. amino. Ci^ al- 
kylamino, di(Ci^ alkyI) amino or hydroxy, 

(b) heterocydyl optionally substituted by hydroxy, amino, Ci^ aikyfamino, di(Ci^ aikyl)amino, C^^ alkyl- 
carbbnyloxy or Ci^ alkytcarbonylamino, 

(c) halo (F. CI. Br or I), 

(d) hydroxy optionally acylated by a group 

or 

h \\// 
RO S 

wherein R* is hydrogen. alkyI, aryt. heteroaryl. aralltyl. or heteroaralkyi and is alkyI or aryl. 

(e) C1.10 alkoxy. 

(0 acyloxy or heteroaryloxy optionally substituted by 1-3 halo, hydroxy, amino or Ci_4 alkyI groups, 
(g) amino or C^.to alkylamino optionally acylated by a group 

0 f[ 
R^C, R^OC 



or 
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hydroxyimtno, alkoxyimino. aralkoxyimino or aminoimino; 
R« is methyl, aralkoxycarbonyl, and arylsulfonyl; 

is hydrogen, formyl, 
Ci.to aikylcarbonyl. Ci-,o alkoxycarbony^. and arylalkoxycarbonyf; 
m and n are independentiy integers of zero or one; and said nnetal complex is taken from the group consisting 



copper, 
zinc, 
cobalt 
nickel and 
cadmium. 

A prefenred group of compounds is that of the following fomiula 




wherein R is hydrogen, substituted or unsubstituted Ci.,o aikyi, Cj.io alkenyl, or arylsulfonyl, and R' and R" 
together are oxo or hydroxyimino, or one of R' and R" is hydrogen and the other is selected from hydroxyl, aral- 
kylcarbonyloxy, amino, or amino substituted by any of Ci-do alkylcarbonyl, arylcarbonyl, aryl Ci-eio alkylcar- 
bonyl, C1-C10 alkoxycarbony*, aryl C1-C10 alkoxycarbonyl, heteroarylcarbonyl. heteroarylalkyicarbonyl or aryl- 
sulfonyl and the phanmaceutically acceptable salts and esters thereof. 

A more preferred group of definitions for R in the structural Fonmula above is CH3. CH3CH2. CH3CH2CH2 
(CH3)2CH. CH2=CHCH2. CHaCCHa. HOCHjCHj, HOCH2CH2CH2. CH3O2CCH2CH2. CSH5CH2O2CCH2CH2! 
NCCH2, H2NCH2CH2, (CH3)2NCH2CH2, FCH2CH2, CH2=CFCH2. CeHsCHa. and 



Ov 



Salt forms are generally prepared as acid addition salts by combining the compound of fonmula II with one 
to three equivalents of an appropriate acid in an inert solvent The salt is then recoverBd by solvent evaporation 
or by filtration if the salt precipitates spontaneously, or by precipitation using a co-solvent or a non-polar co- 
solvent followed by fdtratton. 

Representative salts and esters include the following salts: 
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The tenn heteroary) shall mean mono- or bicyclic unsaturated cyclic structures of 5- 12 ring members havino 
one to four heteroatoms which can be O. N or S. 

The term heterocyclyl shall mean saturated cyclic structures of 3-7 ring members having one to three het 
eroatoms which can be 0. N or S. 

Whenever the terms "alkyl- or "arylVor either of their prefix roots appear in a name of a substituent (e g 
aralkoxy) they shall be interpreted as including those limitations given above for"alkyr and "aryl" Designated 
numbers of carbon atoms (e.g. C,-C,o or Cv,o) shall refer independently to the number of carbon atoms in an 
alkyi or cyclic alkyi moiety or to the alkyl portion of a larger substituent in which alkyi appears as its prefix root 

The tenm "substituted" shall be deemed to include multiple degrees of substitution by a named substituent 

Where multiple substituent moieties are disclosed or claimed the substituted compound can be indepen- 
dently substituted by one or more of the disclosed or claimed substituent moieties, singly or plurally. 

The compounds of formula II can be prepared readily according to the following detailed descriptions and 
examples or modifications thereof using readUy available starting materials, reagents and conventional syn- 
thesis procedures. The overall process is illustrated in the following flow sheets wherein the alkylation steps 
leading to (X) and (XII) are described. In these reactions, it is also possible to make use of variants which are 
themselves known to those of ordinary skill in this art but which are not mentioned in greater detail. 
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/ CIV) 
Beckrmnn 

RearrangemBnt 



CVI) 
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is obtained by reacting (9E)-9-deoxo-9-hydroxylminoerythfomycin A of the structure: 



25 



30 



35 




40 with a base in the presence of a protic or an aprbtic solvent Preferably, the base is an alkali metal hydroxide 
and the soh/ent is an alcohol. Most preferably, the base is lithium hydroxide (as the monohydrate) and the sol- 
vent is ethanot 

Optimization of the method of the isomerizatlon step requires a ratio of the aforementioned base sufficient 
to substantially depcotonate the hydroxyimino group of the (E) isomer. Furthermore, the oxime anion nKist be 
45 reasonat)ly stable under the reaction conditions for the time period required to complete the isomerizatlon proc- 
ess. 

Upon addition of the base to the (E) isomer, an equilibrium condition is created as shown in the following 
equation: 



55 
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Cvxi) or CVXII) 
Reduction 
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Dooxygonaclon 
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2. Alkoxides 



15 



* t 

* t 
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35 



40 



45 



SO 



Ca(0H)2 
Mg(0H)2 
Me4N0H 
BnMe3N0H 

Et4N0H 
BU4NOH 



LiOMe 

LiOEt 

LiOiPr 

LiOnBn 

LiOsBu 

NaOHe 

NaOEt 

NaOPr 

NaOiPr 

NaOnBu 

NaOsBu 

NaOtBu 

NaOSiHe3 

KOMe 

KOEt 

KOtBu 

K0SiHe3 

KOsBu 

CsOtBu 

Ca(0Me)2 

Mg<0Et)2 

Ti<0Et)4 

Ti(0iPr)4 

BiiMe3N0Me 



calcium hydroxide 
magnesium hydroxide 
tetramethylammonium hydroxide 
benzyltrimethylammonium 

hydroxide 
tetraethylammonium hydroxide 
tetrabutylammonium hydroxide 



lithium methoxide 
lithium ethoxide 
lithium isopropoxide 
lithium n-butoxide 
lithium sec-butoxide 
sodium methoxide 
sodium ethoxide 
sodium n-propoxide 
sodium iso-propoxide 
sodium n-butoxide 
sodixim sec-butoxide 
sodium tert-butoxide 
sodium trimethylsilanoate 
potassium methoxide 
potassium ethoxide 
potassium tert-butoxide 
potassium trimethylsilanoate 
potassium sec-butoxide 
cesium tert-butoxide 
calcium methoxide 
magnesium ethoxide 
titanium (IV) ethoxide 
titanium (IV) isopropoxide 
benzyltr imethylammonixm- 
methoxide 
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isomerizatlon of (9E>-9-Deoxo-9-hydroxyinninoefythromycin A to the (9Z) isomer 

In a single step procedure* (9Z)-9-deoxo-9-hydroxyiminjnoerythromycin A of the structure: 
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b. Aprotic 

i. Non polar (as a group, these are generally used in combination with a protic or polar solvent) 

EtzO diethyl ether 

5 THF tetrahydrofuran 

OME dimethoxyethane 

PhMe toluene 

CH2CI2 dichloromethane 

CHCI3 chloroform 
10 ii. Polar 



IS 



20 



25 



DMF 

DMAC 

DMI 

NEP 

NMP 

HMPA 

MeN02 

MeCN 

dioxane 

pyridine 

DMSO 



dimethylf ormamide 

dimethylacetamide 

1 , 3-dimethyl-2-imida20lidinone 

l-ethyl-2-pyrrolidinone 

l-methyl-Z-pyrrolidinone 

hexamethylphosphor amide 

nit rome thane 

acetonitrile 



dimethylsulf oxide 



30 



35 



Preferably, the isomenzatlon reaction is carried out at a concantration of 1-25% w/v of E-oxime to solvent, 
and most preferably at 10% w/v. The amount of basa used is preferably 1.0-10.0 molar equivalents of base, 
more preferably 1.0-3.0 molar equivalents, and most preferably 2.0 molar equivalents. The reaction is generally 
mn at a temperature of from 0*C to 80**C, and more preferably at 22-25**C. The reaction can be allowed to mn 
for 0.5 hours to 20 days, but most preferably is carried out over 20-24 hours. 
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E-oxirro anion 




is a suitable 
counterion 



The workup performed on the anions indudes protonation of the oxime anions to give the neutral oxime 
product nnixture from which the desired (2)-isomer is isolated by crystal! izatiori* or by chromatography followed 
by crystallization. 

The relative amounts of (E) and (Z) oxime anions (and neutral oximes after the workup) in the equilibrium 
mixture can be controlled and depends on a number of factors. These include (a) the strength and quantity of 
the base reagent, (b) the size and polarizabiiity of the counterion M*; and (c) the reaction solvent. 

Suitable bases include hydroxides, alkoxides. carbonates, amides, amines and hydrides. 

The following list of reagents is given to illustrate suitable bases and solvents, although the list is not to be 
taken as exhaustive and other bases and solvents known to those of ordinary skill in the art are not excluded. 
Preferred bases and solvents are indicated by one asterisk and most preferred bases are indicated by a dagger. 

Bases 

1. Hydroxkjes 

* t 

* t 



LiOH lithium hydroxide 

NaOH sodium hydroxide 

KOH potassium hydroxide 

CsOH cesium hydroxide 
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using 1-3 molar equivalents of the sulfonylating agent and one or more molar equivalents of base at a reaction 
temperature of -20*C to 50°C. Pyridine is often used as both solvent and base. 

The distribution of products resulting from Beckmann rearrangement of oxime (IV) depends on the partic- 
ular reaction conditions employed. For example, when the rearrangement is effected with p-toluenesulfonyl 
5 chloride and sodium bicarbonate in aqueous acetone, the major products are the lactam (VI) and the 6.9-bridg- 
ed iminoether (VII). When the reaction .is^conducted under anhydrous conditions such as p-toluenesulfonyl 
chloride in pyridine, the major products are the 6.9-bridged and 9,12-bridged iminoethers (VII) and (VIII). The 
ratio of products (VII) and (VIII) is also effected by the addition of cosoivents, by temperature, and by the initial 
oxime concentration. In general, increasing the proportion of pyridine as solvent, increasing the reaction tem- 

10 perature. and decreasing the initial oxime concentration all favor the formation of the 9.12-product (VIII) over 
that of the 6.9-product (VII). 

A particularly preferred method for effecting the Beckmann rearrangement of oxime (IV) involves the ad- 
dition of a solution of 2.5 molar equivalents of p-toluenesulfonyl chloride in diethyl ether to a solution of the 
oxime in pyridine atO-5'='C Oxime O-sulfonylation and subsequent rearrangement occur under the reaction con- 

15 ditions to afford a 1:3 mixture of iminoether products (VII) and (VIII). 

The products of the Beckmann rearrangement of oxime (IV) are convenientiy purified by chromatographic 
methods. For example, the lactam (VI) is easily separated from iminoether (VII) using column chromatograhy 
oh silica gel or by reverse phase, high-pressure liquid chromatography. Products (VII) and (VIII) can also be 
separated by chromatographic methods, and the (VIII) thus obtained can be further purified by crystallization 

20 from nitromethane. However, it is generally expedient to simply carry the mixture of (VII) and (VIII) isomers into 
the subsequent reduction step without further purificatk>n. 

As prevtously noted. Beckmann rearrangement of oxime (IV) under anhydrous conditions leads to a product 
mixture comprised of the 6,9- and 9,12-bridged iminoethers (VII) and (VIII). The 9,12-bridged product which 
is formed by stereoselective internal trapping of the intermediate nitrilium species by the hydroxy! group at C- 

25 12, is initially isolated as a mixture of major and minor forms that are isomeric about the imino douWe bond. 
The initial mixture of isomers equilibrates at room temperature, both in solutk>n or on storing as a crude foam, 
to approximately a 1:1 mixture of Isomers. The first-formed, major isomer can be isolated from the mixture by 
crystaltKatksn from nitromethane solutk>n. However, it should be noted that the equilibration of the 9.12-bridged 
iminoethers (VIII) is of no consequence to the overall process since both forms are easily reduced in the next 

JO step to 9-deoxo-8a-aza-da-homoerythromycin A. 
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3. Carbonates 



10 



15 



20 



K2CO3 
CS2CO3 

Na2C03 

4. Amides (for use in aprotic solvents) 

LiNH2 

LiNMe2 

LiNiPr2 

LiN(C6Hii)2 

LiN(SiMe3)2 

NaNH2 

KN(SiMe3)2 



potassium carbonate 
cesium carbonate 
sodium carbonate 



lithium cunide 
lithium dimethylamide 
lithium diisopropylamide 
lithium dicyclohexylamide 
lithium bis(tr imethylsilyl) 

amide 
sodium amide 

potassium bis(tr imethyls ilyl ) 
amide 



25 5. Amines 



30 



35 



* TMG 
DBU 

proton sponge 
6. Hydrides (for use in aprotic solvents) 



1 , 1 , 3 ,3-tetramethyl guanidine 
1 . 8-diazabicyclo[5 , 4,0] 

undec-7-ene 
1 ,8-bis(dimethylamino)-r 

naphthalene 



40 



LiH 
NaH 
KH 



45 



7. Solvents 



a. Protic 



lithium hydride 
sodium hydride 
potassium hydride 



HjO (generally used in combination with an alcohol solvent) 



50 



* t 

* t 



55 



MeOH 

EtOH 

iPrOH 

n-BuOH 

s-BuOH 

t-BuOH 



methanol 

ethanol 

isopropanol 

normal-butanol 

sec-butanol 

tert-butanol 
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A second method of choice for effecting the reduction of imidates (VII) and (VIII) to the amine (IX) is catalytic 
hydrogenation at high pressure. The reaction is usually accomplished by shaking a mixture of imidate and cat- 
alyst in a suitable solvent such as methanol, ethanoK aqueous dioxane or acetic acid at a hydrogen pressure 
of 1 000-3000 psi for 2-20 hours at ambient temperature. Suitable catalysts include noble metals and their oxi- 
dized fonms such as platinum on carbon, platinum oxide (Adams* catalyst), palladium on carbon, palladium hy- 
droxide on carbon (Peariman's catalyst) ^d rhodium on carbon,. An especially preferred method for reducing 
imidate (Vll) uses nearly an equivalent weight of platinum oxide catalyst in acetic acid at 2000 psi hydrogen 
for 18-20 hours at room temperature. 



Aikyiation of 9-Deoxo-8a-aza-8a-homoerythromycin A 

Secondary amines such as (IX) can be reductiveiy alkylated to tertiary amines using a number of well known 
procedures. As illustrated in Flow Chart lA. treatment of (IX) with aldehydes in the presence of a reducing agent 
leads to compounds of general structure (Xa) wherein R» is hydrogen, aikyl. aryl or aralkyl. Suitable reductants 
for this reactkin include hydrogen in the presence of a noble metal catalyst Raney nickel, sodium borohydride. 
sodium cyanoborohydride. and fonmic acid. The reaction can be conducted In a number of organic solvents! 
for example methanol, ethanol. acetonitrile. chloroform, tetrahydrofuran or dioxane. with or without the pres- 
ence of added water. 

Perhaps the most common of these reductive aikyiation procedures is Eschweiler-Clarke methylation. 
which involves the reaction of the amine with fonmaldehyde in the presence of fonmic acid. Applicatton of the 
Eschweiler-Oarke procedure to compound (IX) affords the ring methylated product (Xa) wherein R« is hydro- 
gen. The reactkan is accomplished by treating (IX) with 1-2 molar equivalents of formaldehyde and 2-3 molar 
equivalents of formic ackJ in an inert solvent at 20-1 00*C. A prefenred system uses 37% aqueous formaldehyde 
and formic acid in cart)on tetrachlonde or chloroform heated at reflux for 1-2 days. The product is conveniently 
isolated by crystallization from aqueous ethanol. 
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Beckmann Rearrangement of (9Z)-9-Deoxo-9-hydroxyiminoerythromvcin A 




The conversion of (9Z)-9.deoxo.9-hydroxyiminoerythromycin A (IV) to the Sa-aza-Sa-homoerythromycin 
products (VI). <VII) and (Vlll) is accomplished by means of the Beckmann rearrangement (see "Comprehensive 
Organic Chemistry", I. O. Sutherland (Ed.). Perganrion Press, New York, 1979. Vol. 2, pgs. 398-400 and 967- 
968). In general, the Beckmann rearrangement of ketoximes leads to carboxamides and. in cyclic systems, to 
ring expanded lactams. The mechanism of the reanrangement involves initial conversion of the oxime hydroxy! 
group to a leaving group which is then lost with concomitant migration of the oxime carbon substituent that is 
situated anti to the leaving group. In aqueous media, the intemiediate nitrilium cation thus formed usually reacts 
with water to afford the amide product The nitrilium intermediate can also be trapped by other suitable nucle- 
ophiles thereby leading to imino products such as imidates and amidines. 

The Beckmann rearrangement has been accomplished under a variety of aeWk;. neutral and basic condi- 
tions. Common acidic reagents that promote the transfonmation include concentrated sulfuric acid, polyphos- 
phoric acid, thiony* chloride, phosphorous pentachloride, sulfur dioxide, and fonnic acid. These reagents are 
generally not applicable to the reanrangement of oxime (IV) due to the sensitivity of the macrolide molecule, 
and especially the dadlnose sugar residue, to acidic conditions. Efficient Beckmann rearrangement also occurs 
by heating the oxime with silica gel in xylene or under mildly basic conditions by heating the oxime in hexam- 
ethylphosphoramide. These conditions are not particularty valuable for the conversion of (IV) to products (VI), 
(VII) and (Vlll) due to competing isomerizatton of the oxime function under the reaction condittons. 

A preferred method for effecting the Beckmann rearrangement involves initial O-sulfonylatton of the oxime 
group with an alkylsutfonyl halkle, arylsulfonyl halide or aryfsulfonic anhydride. The intermediate oxime sulfon- 
ate thus fonmed can be isolated or, as nwre commonly practiced, converted in sitoj to the rean^nged products. 
The sulfonylation and rearrangement reactk^ns are generally performed in the presence of an organic or inor- 
ganic base. This method is partk:ularty valuable for the conversion of oxime (IV) to the rearranged products 
(VI). (VII), and (Vlll), 

Preferred suifbnylating reagents for effecting the rearrangement of oxime (IV) include methanesuifonyi 
chloride, benzenesutfonyl chloride, 4-acetamidobenzenesulfonyl chloride, p-tduenesulfonyl chloride, benze- 
nesulfonlc anhydride, and p-toluenesulfonic anhydride. The reactk)n is carried out in the presence of an Inor- 
ganic base such as sodium bicarbonate or potassium carbonate, or in the presence of an organic base such 
as pyridine, 4-dimethylaminopyridine, triethylamine, or N.N-disopropylethylamine. Suitable solvents include 
aqueous mixtures such as aqueous acetone or aqueous dioxane and organic solvents such as dichlorome- 
thane, chloroform, ethyl acetate, diethyl ether, tetrahydrofuran, toluene, acetonitrile, and pyridine. Mixtures of 
organic solvents, especially those containing pyridine, are highly useful. The reaction is generally performed 
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Antibiotics. 41, 1029 (1988) and U. S. Patent No. 4.474.768) in which (IX) is first oxidized to the 8a-hydroxy- 
3'-N-oxide intemnediate (XI), then treated with an alkylating agent to afford the intermediate product (XII) and 
finally deoxygenated to the desired product (X). In this approach, the 3'-N-oxygen serves as a temporary pro- 
tecting group to prevent quaternization at the desosamine dimethylamino group. 

'flow chart IB 



o 




The oxidation step is conducted In an inert solvent using hydrogen peroxide or a peradd such as peracetic 
acid or 3-chloroperoxyt)enzoic ackj as the oxidant Suitat)le solvents for the reaction include dichloromethane, 
chloroform. tetiahydrofuFan, dloxane* methanol, ethanol and acetic acid. In general, a water miscitrfe solvent 

45 such as nnethand or acetic actd Is used with the water-soluble oxidants hydrogen peroxide and peracetic acid, 
whereas an anhydrous solvent such as dichloromethane or tetrahydrofuran is used with 3-chloroperoxybenzotc 
acid. The reaction is usually accomplished with an excess of oxidant (2-40 nwlar equivalents) at a temperature 
of from 0*C to 50*C for up to 24 hours. A particularly preferred embodiment employs excess 30% aqueous hy- 
drogen peroxide as oxidant in methanol solvent at room temperature for 18-20 hours. 

50 Introduction of the ring 8a-alkyl group is accomplished by treating tiie 8a-hydroxy-3'-N-oxide intemnediate 

(XI) with an alkylating agent in an inert solvent in the presence of an acid acceptor. An inert solvent is defined 
as one that will not react with the alkylating reagent under tiie reaction conditions. Suitable solvents include 
but are not limited to dichloromethane, chloroform, tetrahydrofuran, dimethoxyethane, dimethylfomftamide, di- 
methylsulfbxide and toluene. Of the numerous agents tiiat are known to effect alkylation at nitrogen, aikyt chlor- 

55 ides, aikyi k>dides, alkyi bromides, dialkytyl sulfates, alkyl mesylates, aikyt tosylates and alkyi bifluorometha- 
nesulfonates are well suited for tiie present application. The add acceptor component which serves to neu- 
tralize the acid formed on reaction of the alkylating agent with tiie ring nitrogen atom, can be an inorgank: base 
such as an alkali metal hydroxide, carbonate or phosphate, or a hindered amine base. Examples of suitable 
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FLOW CHART lA 




CXc) 



A second method for directly alkylating the aglycone nitrogen of (IX) involves the Michael-type addition of 
(IX) to a carbon-cartxin double bond of the type W.CR*>=CHR« (see Flow Chart lA). For this reaction to be suc- 
cessful, the terminal end of the double bond must contain at least one electron-withdrawing group W of the 
type CHO, COR, COOR, CONHj, CN, NOj, SOR, or SOjR. The reaction is generally performed using a large 
excess of alkylating agent (1 0-1 20 molar equivalents) in an organic solvent such as methanol or tetrahydrofuran 
at a temperature of SO-dO'^C for 1-18 days. The rate of addition to the double bond can be accelerated by ad- 
dition of metal saJts such as zinc chloride or lanthanum chloride. 

A third method for dirscdy alkylating the ring nitrogen of compound (IX) involves a palladium catalyzed al- 
lylation reactton leading to alkenyl products of type (Xc) (see Flow Chart lA). This reaction is usually acconrv 
pushed with an excess of an allylic acetate and 0.05 to 0.5 equivalents of tetrakis(tnphenytphosphine)palla- 
dium(O) in an organic solvent such as toluene or tetrahydrofuran containing trietyfamine or diisopropylethyta- 
mine. A particularly preferred embodiment employs allyl acetate as both alkylating agent and solvent at a tem- 
perature of dO^C for several hours. 

The alkylation of the aglycone nitrogen atom of compound (IX) can also be accomplished using reagents 
of the type RX wherein X is a common leaving group such as chloro, bromo, iodo, iodoso, methanesulfonyioxy. 
toluensulfonyloxy, or thfluoromethanesulfonyloxy . However, the use of reagents of this type requires prior mod- 
ification of the desosamine 3'-dimethylamino group to prevent quatemization at that site. Three schemes that 
employ alkylating reagents of the type RX coupled with protection/deprotectton of the 3'-dimethylamino group 
are outlined in Flow Charts IB, IC and ID. 

The first of these methods (see Row Chart IB) Involves a three-step procedure (see G. M. Bright et al. J. 
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FLOW CHART IC 




The 8a-aikylation step leading from compound (XX) to compound (XX!) is petformed In essentially the same 
manner aa previously described for ttie alkylation of intennediate (XI) in Flow Chart I&. A prefetmi procedure 
uses approximately 5 equivalenta of the alkylating agent and 1-2 equivalents of potassium cartxsnate in dime- 
thylfonmamkle at SO-TS'^C for 1-4 days. 

The finaJ step of Row Chart IC involves the restoration of the desosamine dimethylamino group by 3'-N- 
deaikylation. The exact procedure emyNoyed depends on the nature of the protecting group used. For example, 
when R« is 4.nitrobenzyl, dequatemization is readily effected by hydrogenation in the presence of palladium 
on carbon. When R« is benzyl, the dequatemization reaction is accomplished by using thiophend and potas- 
sium caitKtnate. 

A somewhat longer but preferred ntethod for effecting alkylation at the 8a-position of intermediate (IX) is 
illustrated in Row Chart ID. In thrs approach, the desosamine dimethylamino group is first demethylated to in* 
tennediate (XXII) which is subsequentty acylated to provide compound (XXMI). Demethylation is accomplished 
by treating compound (IX) with iodine in buffered methanol at eO'^C. The resulting derivative (XXII) is selectively 
acyfated at the 3'-methylamino group with a reagent of the type R*>X in an organic solvent in the presence of 
an acid acceptor. Surtable acylating reagents include benzenesulfbnyl chloride, benzyl chlorofonnate, allyl 
chlorofonmate and trimethylsilylethyl chloroformate. Suitable solvents include but are not Imnited to dichlorome- 
thane, chloroform, tetrahydrofuran and toluene. The acid acceptor can t>e an inorganic base such as potassium 
carbonate or an organic base such as triethylamine or ditsopropylethytamine. A preferred emt>odiment of the 
acylation procedure uses 1 .0-1 . 1 equivalents of benzenesutfonyl chloride and 3 equivalents of triethylamine in 
dichloromethane at 0-5^C. 
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FLOW CHART ID 




w. i^n»c hylat ion 




3* -ivJ-ProcQcclon 




RX, Base 





CXXV> (30 



Compound (XXIII) is well suited for 8a-alky1ation using essentially the same procedures previously descri- 
bed for alkylating intermediate (XI) in Flow Chart IB. Typical reaction conditions use 1.5-10 equivalents of the 
alkylating agent RX and 3-10 equivalents of an inorganic base such as sodium bicarbonate or trisodium phos- 
phate in dimethylfonmamide at lOO^C for 1-7 days. The alkylated product (XXIV) is usually purified by chroma- 
tography on silica gel, but can be used in the next step without purification. 

The remaining two steps of Row Chart 10 involve restoration of the desosamine 3'-dimethylamino group. 
The first of these steps involves cleavage of the acyl protecting group Ro in a manner consistent with the exact 
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nature of that group. For example, the benzyloxycarbonyl group is removed by catalytic hydrogenation and the 
(trimethylsilyi)oxycarbonyl group is removed by treatment with fluoride ion. In the most preferred method, the 
benzenesulfonyl group is reductively cleaved using excess sodium amalgam in potassium dihydrogen phos- 
phate buffered methanol at -20°C for 1.5-3 hours. The final step leading to compound (X) involves methylation 
at the 3'-N-position of intermediate (XXV). This, is readily accomplished using the previously described Es- 
chweiler-Clarke procedure. 

The sequences outlined in Row Charts lA-ID provide for the introduction of unsubstituted or substituted 
alkyi, alkenyi or alkynyl groups at the 8a-position of intemiediate (IX). When sakJ group contains one or more 
functional groups ameneable to chemical manipulation, it should be recognized that additional derivatives are 
available by suitable chemical modification. This concept is generically illustrated in Flow Chart IE and partially 
exemplified for the case where R is allyl. 



FLOW CHART IE 




Example: RModification R* 



Funcclorwi Croup 



Msdlflcation 




CH2=CHCH2 



Hydrogenation 



CH3CH2CH2 



CH2=CHCH2 



Epozidation 



t>-CH, 



CH2=CHCH2 
CH2=sCHCT2 

HOCH2CH2CH2 

0=CH-CH2 

0=CH-CH2 

HOCH2CH2 

H2NCH2CH2 



Hydroboration 
Ozono lysis 

Acetylation 

Reduction 

Amination 

Acetylation 

Acetylation 



HOCH2CH2CH2 
0=CH-CH2 

CH3 COCH2 CH2 CH2 

HOCH2CH2 

H2NCH2CH2 

CH3COCH2CH2 

0 
ti 

CH3CNBCE2CH2 



By combining the procedures summarized in the Row Charts lA-IF, a wide range of 8a-3Ubstituents are 
possible. The following examples, organized according to structural type, ars representative of the types of 8a- 
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groups that can be obtained by these methods. 
Unsubstituted Alkyl. Alkenyl and Alkynyi Groups 

CH3. CH3CH2. CH3CH2CH2, (CH3)2CH, CH3(CH2)7. 

o-TO. o-cH.' CP*" 

CH2=CHCH2. CH2=CHCH2CH2, HC3CCH2, CH3C3CCH2. 



CCH,),CH, 
CHasCCHa . 



AralkyI and Aralkenyl Groups 




Where Ac « acetyl 
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o 



'CH, 



Substituted Alkyi, Alkenyl and Alkynyl Groups 

FCH2CH2, F2CHCH2. CF3CH2, FCH2CH2CH2. CF3CH2CH2CH2. CICH2CH2CH2 



CH3SOCH2CH2CH2, 
0^% 



HOCH2CH2, 



CH3fiOCH2CH2» 



HOCH2CH2CH2. 



0 
II 



CH3COCH2CH2CH2 , 



CH30CH2CH2, CF30CH2CH2, 



<;^^)— 0CH2CH2 . 



CH3OCH2CH2CH2, CH3CH2SCH2CH2 



0 Q 
CH3SCH2CH2. CH3|CH2CH2, H2NSCH2CH2CH2 



g p 

H0eCH2, HOCCH2CH2, H2N(:CH2CH2, 



N=C-CH2, 
N3C-CH2CH2. 
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O 

II 



CH3OCCH2, CH3OCCH2CH2, HCCH2, 



H2NCH2CH2. H2NCH2CH2CH2. (PH3)2NCH2CH2. 
HO 

^''~^HjNw:h,ch,chj. Q>— cHjOcch,. 




[jOCCHjCHj. 



<^_^/-CH20CCH2CHa. hCNHCHjCH,, CH,CNHCH,CH,. 



CH3CH20CH2CH20CH2CH2. 



CI 

I 



F 

I 



CH,=CCH,. CI%=CCK|, 



N=C-CH=CH, 



OCH, 

I 

CHjsCCF^, 



o 

It 

CHjOC-CHsCa 



I 

CHaCH , CHjCH . CHjCH . 



CH,CX:i^ CK,OCCH,),CH, 
I I Y^"s 

CHjCHCH, 



Acylation of 9-Deoxo-6a*aza-8a-homoerythromycin A 

The aglycone nitrogen atom of intemiediate (IX) can be acytated using a number of procedures generally 
applicable for the acyiation of secondary amines. The process, as outlined in Row Chart IF. leads to 8a-sub- 
stituted derivattves of types (Xd) and (Xe) wherein R« is alkyi or aryl and R»> is hydrogen, alkyi, alkoxy or araikoxy. 
The reaction is typically conducted using an excess of an activated sulfonic or carboxylic acid derivative and 
a base in an organic solvent Of the numerous acid derivatives available for the conversion of (IX) to (Xd) and 
(Xe), acid chlorides and acid anhydrides are particulariy useful. The added base serves to neutralize the acid 
HX that is liberated in the acylation reaction, and, in some cases, it also activates the acylating agent Examples 
of suitable bases are pyridine, 4-dimethylaminopyridine, triethylamine and diisopropyiethylamine. The acylation 
reaction is typically conducted in an inert organic solvent such dichloromethane, chloroform, dichloroethane. 
tetrahydrofuran or toluene at a temperature of from 0*C to 60**C for 1 to 6 hours. For reactions in which the 
acylating reagent is a cartx)xylic acid anhydride, pyridine can serve as both the base and the solvent 

When a carboxylic ackl derivative is used as the acylating agent it is possible to isolate products wherein 
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the 2'.hydroxyl group has also been acylated. The resulting 8a-N,2'-0-diacylated products can be selectively 
deacyiated at the 2'-position by reaction with a lower alcohol. A typical procedure involves stimng the diacyl 
intemnediate with methanol at room temperature for 10-24 hours. 

5 FLOW CHART IF 



10 



15 



20 




30 




o 



=H or 

Modifications at the 4*''Po8ition 

40 

Turning now to Row Chart II there is shown in the first step conversion of compounds of fomiula (X) via 
acetyiation to a protected moiety. Protection of the 2'-hydroxyl group is necessary for the subsequent oxidation 
step and is generally achievable by use of a lower aikanoyf protecting group such as acetyl or propionyl. Typ- 
icaJly. acetic anhydride and pyridine in dichloromethane or acetic anhydride in ethyl acetate will attach the acetyl 
45 group to the 2'-hydroxyl when allowed to react at room temperature for several hours. 

Next the a'-protected intermediate is oxidized at the 4''-hydroxyl substituent to the corresponding 4**0x0 
(keto) compound, via treatment with dimethyl sulfoxide and a suitable activating agent in the presence of a base. 
Typtcat reaction conditions for the oxidation are either a) Moffatt oxidation which uses N-ethyl-N'-<N.N-dime- 
thylaminopropyt)cart)Cdiimide and dimethyfsulfoxide in the presence of pyridinium trifluoroacetate; or b) the 
50 Swem oxidation in which oxatyl chloride and dimethyl sulfoxide in dichloromethane is followed by the addition 
of triethyfamine or aJtematively bifluoroacetic anhydnde and dimethylsulfoxide in dichloromethane is followed 
by the addition of trietttylamtne. 

In the next step, removal of the 2'-protecting group is achieved by solvdysis with methanol at room tem- 
perature for 1 to 2 days, fbltowed by in vacuo evaporation of the methanol. 
55 The subsequent reduction step reduces the 4''-oxo group to the 4''-epi isomer of (X) via catalytic hydro- 

genation, as with Raney nickel and hydrogen. Also, a complex metal hydride such as sodium borohydride in 
methanol or lithium trMert-tHjtoxyaluminohydride in tetrahydrofuran can be used to achieve reduction. To the 
extent isomeric mixtures at the 4*-position are formed, they are convenientiy separated by silica gel column 
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chromatography or by HPLC methods. 

Turning now to Flow Chart III. there is shown the reductive amination that directly converts the 4"-oxo to 
the corresponding 4"-amino. This is accomplished by either a) sodium cyanoborohydride and ammonium acet- 
ate in methanolic acetic acid; or b) catalytic hydrogenation in the presence of an ammonia source such as hy. 
drogen and ammonium acetate in metharjol with Raney nickel or 10% palladium on carbon. The resulting amino 
isomers at the 4"-position can be separated by HPLC or by chromatography on silica gel or alumina. 

Altematively. the 4"-amino derivative can be prepared from the 4"-oxo Intermediate via oximination to the 
corresponding 4"-oxime followed by reduction to the 4"-amine. Oximination is achieved by use of hydroxyla- 
mine hydrochloride in pyridine or hydroxylamine hydrochloride and a base such as triethylamine, pyridine or 
imidazole m methanol. Reduction of the oxime is accomplished by either a) catalytic hydrogenation with hy- 
drogen and Raney nickel in ethanol. b) catalytic hydrogenation with platinum oxide in acetic acid or c) reduction 
with titanium trichloride and sodium cyanoborohydride in ammonium acetate buffered methanol. 

The 4'*-amine can be acylated or sulfonylated to the corresponding amide, carbamate, or sulfamate. Suit- 
able reagents for this process include, but are not limited to. a) R"COCI. (R"CO)20, R'^SOaCI. or (R"S02)20. 
in dichloromethane. ethyl acetate, tetrahydrofuran or dimethylfomiamide containing triethylamine. where R" is 
any substituent of interest b) R'^COzH and dicyclohexylcarbodiimide or diisopropylcarbodiimide in dichlorome- 
thane or dimethylfonmamide; c) R"C02H and iso-butyi-chlorofomiate in dichloromethane containing N-methyl- 
morpholine; ord) R''C02C6F5 in N-methylpyrolidinone. 

Structural formula (XIX) shows an N-acyl group. R12. R^2 jg preferably either a substituted or unsubstituted 
C,-Cio alkylcarbonyl group, aryl or heteroaryl-carbonyt group, araikyi or heteroarylalkyicarbonyl group, alkyl- 
sulfonyl group or an aryl or heteroaryl-sulfonyl group. These substituents can be 1-3 fluoro, amino, substituted 
amino wherein said substituent is fonmyl or C,-Cio alkylcart>onyl; cyano. isortttrito, carboxy, carbamoyl. Br. CI. 
disubstituted amino wherein said substituents are C1-C10 alkyi; nitro, heterocydyl. carbamoyl wherein the ni^ 
trogen atom is optionally mono ordJ-substituted with C,.io alkyl; aryloxy. arylthto. d.io alkoxycarbonyl, hydroxy. 
C1.10 alkoxyl, mercapto, C1.10 alkylthio. C1.10 alkylsulfiny*. Ct_io alkylsulfonyl, sulfanrwyl, and unsubstituted or 
substituted C1-10 alkyfamino wherein said substitutent is fomriyl or Ci_io alkylcarbonyl. 

Even more preferably, R12 is hydrogen, arylsulfonyl. alkylsulfonyl or 

0 
II 

-C-X-A-R 

where 

X is a connecting bond, O or NH; 

A is a connecting bond, or C^^C^ alkylene; 

R is hydrogen. Ci-Cto alkyt, aryl, heteroaryl, aralkyl. heterocydyl, or C3-C7 cydoalkyl. any of which R groups 
other than hydrogen can be substituted by one or more of halogen, hydroxyl, C1-C3 alkoxy. cyano, nitro, amino, 
mono- or d^ (Ci-C,) alkylamino, mercapto, C-Cs alkylthio, Ci-C, alkylsulfinyl, C1-C3 alkylsulfonyl. aryithio, ar- 
yisuifiny*. sutfamoyl. arylsutfonyt, carboxy, carbamoyl, C,-C3 alkylcarbonyl, or C,-C3 alkoxycarbonyl. 
Representative examples of 4''-N-substituents (R^^) are listed below. 
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0 0 0 0 0 

SCH3. SCH2CH3, SCH2CH2CH2CH3 , SCH2COCH3 

0 0 ci 0 



fCH,-<Q> f|~0~^ R-H.CH,. F.Cl. Br. " 



CF,, OCH,. NHCCI^; 




^ 0 C) 0 0 

CCH3. CCH2CH3. CCH2CH2CH3. CCH(CH3)2-r CC(CH3)3. 

0 0 0 0 

CCH2CH(CH3)2. CCH2C<CH3)3, 0(^2)5(33. C<CH2)6CH3. 



C — ^ \ / CCHjOCHj. CCH2NH2, CCHNH2 



00 o o o o- . . 

II tl 11 n M II 

CCH2COCH3, CCHjCHjCOCF^. CCHrCHa. C— ^ y 



R 

where R^CHj, CF3, F. CI, Br, OCH3; 




where R=CH3, F. a. Br OCH3; 
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where R=CH3, CH2CH3. CF3. F. CI, Br. OCH3. CN. NOj 



where n=1-3, 



Where R=F. CI. CF3 ; 



Where R==F, CI; 



C(CH2) 



o =^ 



CI 




CCH- 



Where R=F. CI. OH. NHj, OCH,, NO, 
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As antibiotics, the compounds of fbnmula (II) can be administered in such oral dosage fomis as tablets, 
30 capsules, pills/ powders, granules, elixirs, tinctures, suspensions, syrups and emulsions. Like-wise, they may 
also be administered in intravenous, intraperitoneal, subcutaneous or intramuscular form, all using fomis welt 
known to those of ordinary skill in the pharmaceutical arts. In general, the preferred form of administration is 
oral. An effective but non-toxic amount of the compound can be employed as a mammalian antibiotic. 

The dosage regimen utilizing the compounds of fomiuia (II) is selected in accordance with a variety of fac- 
35 tors including type, species, age, weight, sex and medical condition of the patient; the severity of the condition 
to be treated: the route of administration: the renal and hepatic function of the patient; and the particular conv 
pound or salt thereof employed. An ordinarily skilled physician or veterinarian can readHy detenmine and pre- 
scribe the effective an>ount of the drug required to prevent, counter or anvst the progress of the condition. 

Dosages of the compounds of fonmula (II), when used for the indicated effects, will range between about 
40 0.2 mg per kg of body weight per day (mg/kg/day) to about 1 20 mg/kg/day and preferably 4-50 mg/kg/day. Ad- 
vantageously, the compound may be administered in a single daily dose, or the total daily dosage may be ad- 
ministered in divided doses of two, three or four times daily. 

Furthermore, the compounds of formula (II) can be administered in topical.otic or ophthalmic form via use 
of suitable vehkdee. 

45 In the methods of using the compounds (II), they can form the active ingredient and ars typically admin- 

istered in admucture with suitable pharmaceutical diluents, excipients or carriers (collectively referred to herein 
as "earner* materials) suitably selected with respect to the intended form of administration, that is, oral tablets, 
capsules, elixirs, syrups, and the like, and consistent with conventional pharmaceutical practices. 

For instance, for oral administration in the fomi of a tablet or capsule, the active drug component can be 

50 combined with an oral, non-toxk:, phannaceutically acceptable, inert carrier such as lactose, starch, sucrose, 
glucose, methyl cellulose, magnesium stearate. dicalcium phosphate, calcium sulfate, mannitol. sorbitol, and 
the like; for oral administration in liquid form, the oral drug components can be combined with any oral, non- 
toxic, pharmaceutically acceptable inert carrier such as ethand, glycerol, water, and the like. Moreover, when 
desired or necessary, suitable binders, lubricants, disintegrating agents and coloring agents can also be incor- 

55 porated into the mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or beta- 
lactose, com sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium alginate, carbox- 
yethylcellulose, polyethylene glycol, waxes, and the like. Disintegrators include, without limitation, starch, me- 
thyl cellulose, agar, bentonite, xanthan gum, and the like. 
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The compounds of formula (II) can also be administered in the form of liposome delivery systems such as 
small unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from 
a variety of phospholipids, such as cholesterol, stearylamine or phosphatidylcholines. 

The compounds of formula (II) may also be coupled with soluble polymers as targetable drug carriers Such 
polymers can include polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide phenyl poly- 
hydroxyethylaspartamide-phenol. or polyethyleneoxide-polylysine substituted with palmitoyi residues Further- 
more, the compound of formula (II) may be coupled to a class of biodegradable polymers useful in achieving 
controlled release of a drug, for example, polylactic acid, polyglycolic acid, copolymers of polylactic and poly- 
glycohc acid, polyepsilon caprolactone. polyhydroxy butyric acid, polyorthoesters. poiyacetals. polydihydropyr- 
ans. polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels. 



EXEMPLE 1 




Preparation of (9E>-9-Deoxo-9-hydroxyiminoerythromycin A 

Hydroxylamine hydrochloride (224 g. 3.23 md) was added to a solution of erythromycin A (1 00 g, ca. 95% 
pure. 0. 1 29 mol. available from Aldrich Chemical Co., Milwaukee Wisconsin) in pyridine (500 mL). The resulting 
mixture was stimed at room temperature for 27 hours, and then concentrated under vacuum at ca. 40*C. The 
semi-solid residue was kept under high vacuum overnight then stirred with ethanol (600 mL) for 15 minutes 
and filtered. The collected solids were washed with hot (SO'^C) ethane*. The combined filtrate and washing was 
evaporated under vacuum to a pate blue foam. The foam was shaken with water (850 mL) to give a thick emul- 
sion which was stirred rapWIy at room temperature for 2.5 hours to give a filterable precipitate. Thje precipitate 
was collected, washed with water (150 mL). and dried under vacuum to give a white solid (117.7 g). 

The crude oxime hydrochloride was suspended in 5% aqueous sodium bicarbonate (1000 mL) and me- 
thylene chloride (1000 mL), and the mixture was stirred while the pH was adjusted to 9.5 by addition of 5N aqu- 
eous sodium hydroxide. The layers were separated and the aqueous portion was extracted with ethyl acetate 
(500 mL) and ethyl ether (500 mL). The combined organic layer and extracts were dried over sodium sulfate, 
filtered, and evaporated under vacuum to a white soiki (92.3 g). The sdkl was dissolved in hot ethyl acetate 
(250 mL)» and the solutton diluted with hot hexanes (400 mL) and left overnight in a refrigerator. The crystals 
of (9E)-9-deoxo-9-hydroxyiminoerythromycin A were collected, washed with ice-cold hexane (250 mL). and 
dried under vacuum to afford a white soIki (88.5 g). 

IR (CHjaj) 3560. 3400 (br), 2980, 2950, 1735, 1460, 1389, 1 165, 1110, 1085, 1050. and 1010 cm-'. 

NmR (CDQa) 5 5.05 (dd, H.13), 4.90 (d, H-l"). 4.38 (d. H-V). 4.01 (m, H.5''), 3.99 (d. H-3), 3.74 (m, H-8). 
3.66 (s, H-11), 3.54 (d, H-S), 3.45 (m, H-S'), 3.28 (s, OCH3), 3.23 (dd, H.2'). 2.96 (t, H-4''), 2.87 (m, H-2). 2.64 
(q. H.10). 2.43 (m, H.3'), 2.32 (d, H-2''eq), 2.27 (s, N(CH3)2). 198 (m, H-4). 1.87 (m, H-14eq), 1.63 (m, H-4'eq). 
and 1.46 (s, 6-CH3). 

NMR (CD3OD) 5 5.19 (dd, H-13). 4.48 (d, H-V), 4.15 (dq. H-S"), 3.98 (d. H-3), 3.76 (m, H-d), 3:70 (m. H- 
5'), 3.67 (s, H-11), 3.58 (d, H.5), 3.33 (s, OCH3), 3.23 (dd. 3.01 (d. H-4''). 2.92 (m, H-2), 2.72 (m. H-IO). 
2.70 (m, H-3'). 2.43 (d, H.2-eq), 2.33 (s. N(CH3)2). 2.01 (m, H-4). 1.88 (m, H-Ueq), 1.72 (m, H-4'eq). 1.58 (dd, 
H-2'-ax), 1.48 (m, H-14ax). 1.45 (s, 6-CH3). 1 .26 (d, 5-.CH3), 1 .23 (s. 3''-CH3). 1.14 (s, 12-CH3), 1.10 (d, 4-CH3), 
1.05 (d, 8.CH3), and 0.84 (t, CH2CH3). 

13C NMR (CDCI3) 5 175.3, 171.3. 103.1, 96.3, 83.5, 80.3. 78.1, 77.1, 75.1, 74.3. 72.6, 71.2, 70.9. 68.8, 65.4. 
65.3. 49.4. 44.6. 40.3. 38.8, 37.8, 35.1. 32.6. 29.2, 27.0. 25.4. 21.5. 21.3. 18.7. 18.6. 16.3. 14.3. 10.6, and 9.3. 
'3C NMR (CD30D)6 177.5, 171.6. 104.0. 98.0. 84.2. 81.2, 79.3. 78.3. 76.3. 74.2. 72.9, 72.2. 69.0. 66.7. 65.2. 
50.0, 46.3, 40.7, 39.3. 36.2, 32.0. 27.4. 26.7. 22.3, 22.0. 21.6, 19.3. 19.1. 17.3. 16.6. 14.8. 11.2. and 10.2. 
El Mass Spectnjm, m/z 748. 590, 574, 462, 431, 416. 398, 174. 159. 158. and 116. 
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EXAMPLE 2 




Conversion of (9E)-9-Deo xo-9-hydroxyiminoerythromycin A to (9Z)-9-Deoxo.9- hydroxy iminoerythromycin A 
Method 1 : 

(9E).9-Deoxo-9-hydroxyiminoerythromycin A (20.0 g. 26.7 mMol) was added to a stirred solution of lithium 
hydroxide nnonohydrate (2.25 g, 53.5 glycol) in absolute ethanol (200 mL). The solution was blanketed with 
nitrogen and stirred overnight at room temperature. The solvents were evaporated under vacuum and the re- 
sidue was partitioned between ethyl acetate (200 mL) and brine (120 mL). The pH of the mixture was adjusted 
from 1 1 to 9.3 with 2 N hydrochloric add. The ethyl acetate was removed and the brine was re-extracted with 
more ethyl acetate (2 x 200 mL). The combined ethyl acetate extracts were washed with brine (100 mL), dried 
with anhydrous magnesium sulfate, filtered and evaporated under vacuum to a foam (ca. 20 g). 

The crude oxime mixture was dissolved in methylene chloride (220 mL) and stirred for 1 hour at room tern- 
perature to give a filterable, white solid (18.7 g). This material was dissolved in ethyl acetate (1 00 mL). diluted 
with nitromethane (100 mL), and 50 mL of solvent was evaporated under vacuum. Additional nitromethane (50 
mL) was added and 80 mL of solvent was evaporated under vacuum. The solution was seeded with the (9Z)- 
isomer and stirred at ambient temperature for 3 hours. The resulting suspension was filtered and the solids 
were rinsed with nitromethane (20 mL) and dried under a stream of nitrogen to afford (92)-9-deoxo-9-hydrox- 
yiminoerythromycin A (14.8 g, 74% yield) as a white solid. 
MP 157-164*0. 

'R (CHCI3) 3680, 3435 (br), 2970, 2940. 1725, 1455. 1375, 1345. 1 165, 1 105, 1085, 1045, 1005, and 950 cnr' 
NMR (CDOa) 5 5.01 (dd, H-13), 4.87 (d. H-l"). 4.40 (d, H-V), 3.98 (m, H-3 and H-S"), 3.80 (s, H-11), 3.49 
(m. H-S and H-5'). 3.27 (s, OCHj), 3.21 (dd, H-2'). 2.99 (m, H-4''). 2.8 (m, H-8, H-2 and H-IO), 2.74 (m, H-10), 
2.43 (m. H-3'). 2.32 (d, H-2''eq). 2.27 (s, N(CH3)2), 191 (m. H.4). 1.87 (m, H-14eq), 1.63 (m, H-4'eq), 1.51 (m, 
H-2-ax and H-7), 1.42 (m, H-14ax). 1.37 (s, 6-CH3). 1.28 (d, IO-CH3), 1.24 (d. 5-.CH3), 1.19 (s, 3''-CH3). 1.18 
(d. 5'-CH3), 1,12 (d. 2-CH3). 1.11 (3. 12.CH3), 1.08 (d, 8-CH3). 1.04 (d, 4.CH3). and 0.79 (t CH2CH3). 

NMR (CO3OD) 6 5.20 (br d. H-13). 4.50 (br d. H-V), 4.16 (dq. H-5''). 4.02 (d, H.3), 3.70 (m, H.5'). 3.56 (br 
d. H-5). 3.34 (s, OCH3). 3.25 (dd, H-2'). 3.03 (d, H.4-), 2.87 (m, H.8), 2.84 (m, H.2). 2.73 (m, H-3'). 2.44 (d. H- 
2''eq). 2.33 (s, N(CH3)2). 197 (m, H-4). 1.88 (m, H.14eq), 1.73 (m, H.4'eq). 1.64 (m, H.7), 1.59 (dd. H-2-ax). 
1.47 (m, H-14ax). 1.36 (br s, 6-CH3), 1.28 (d, 5--CH3). 1.24 (s, 3-.CH3). 1.18 (m. 5'-CH3. 2-CH3, 8-CH3 and 
IO-CH3)). 1.13 (s, 12.CH3). 1.08 (d, 4.CH3), and 0.86 (t. CH2CH3). 

NMR (CDOa) 6 176.2, 168.Z 102.8, 95.9. 83.6 (br). 79.3 (br). 77.9. 77.3, 75.2. 75.1, 72.7. 71.0, 70.9, 68.8. 

65.5. 65.3, 49.4, 40.2, 39.9 (br), 37.8 (br). 35.7 (br). 34.9, 34.1 (br). 28.9, 26.0 (br). 21.4. 21.3. 19.8 (b^. 18.4, 
16.8, 15.3 (br), 10.7, and 9.2. 

NMR (CD3OO) 6 177.7, 170.0, 103.9, 97.7. 84.3 (br), 80.7. 79.2, 78.1, 77.0 (br). 76.1. 74.1. 72.8, 71.7 (br), 
69.2, 66.7. 65.1. 49.9. 46.2 (br), 41.8 (br), 40.8, 40.5 (br). 36.0. 33.8 (br), 31.9, 26.7 (br). 22.8, 21.8. 21.7 (br). 

21.6, 19.1, 17.5, 15.8 (br). 12.2 (br), 11.3. and 10.1. 

FAB mass spectrum, m/z 749, 591. 416, 398. 174. 159. 158. and 116. 

Elemental Analysis. 

Calculated for C37H53N2O13: 

C, 59.34; H, 9.15; N. 3.74. 
Found: C, 59.12; H, 8.80; N. 3.82. 
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Method 2: 1 .0 LiOH in EtOH 



(9E)-9.0eoxo-9-hydroxyiminoefythromycin A (255 mg. 0.34 mmol) was added to a solution of lithium hy- 
droxide monohydrate (14.3 mg. 0-34 mmol) in.absoiute ethanol (2.55 mL). The resulting solution was stirred 
at room temperature for 25 hours, and then stored in a freezer at -20^ for 68 hours. After warming to room 
temperature, the solution was evaporated under reduced pressure to remove the solvent. The residue was stir- 
red with saturated aqueous sodium chloride (5 mL) and ethyl acetate (5 mL) while the pH was adjusted to 9 2 
by addition of dilute hydrochloric acid. After shaking, the phases were separated and the aqueous portion ex- 
tracted with more ethyl acetate (2 x 2.5 mL). The combined ethyl acetate extracts were washed with saturated 
sodium chlonde solution (4 mL). dried over magnesium sulfate, filtered and evaporated at reduced pressure 
to afford a white foam (263 mg). Examination of this material by NMR spectroscopy revealed a 31 :69 mixture 
of (9E)-9-deoxo-9-hydroxyiminoerythromycin A and (92)-9-deoxo-9.hydroxyiminoerythromycin A. 

Method 3: 2.0 LiOH in EtOH 



(9E)-9-Deoxo.9-hydroxyiminoerythromycin A (291 mg. 0.333 mmol) was added to a solution of lithium hy- 
droxide monohydrate (32.6 mg, 0.776 mmol) in absolute ethanol (2.9 mL). The resulting solution was stin-ed 
at room temperature under a nitrogen atmosphere for 22.5 hours. The solvent was evaporated at reduced pres- 
sure arid the residue stinred with ethyl acetate (5 mL) and saturated aqueous sodium chloride (5 mL) while ad- 
justing the pH to 9 by addition of 2N hydrochloric acid. The mixture was shaken, the phases separated, and 
the aqueous portion extracted with more ethyl acetate (2 x 2.5 mL). The combined ethyl acetate extracts were 
washed with saturated sodium chloride solution (4 mL). dried with magneskrfn sulfate, filtered and evaporated 
under vacuum to a white foam (299 mg). This material was shown by ^H NMR to be a 21:79 mixture of (9E)- 
9-deoxo-9-hydroxyiminoerythromycin A and (9Z)-9-deoxo-9-hydroxyiminoerythromycin A. 

Method 4: 3.0 LiOH in EtOH 



(9E)-9-Deoxo-9-hydroxyiminoefythromycin A (239 mg. 0.31 9 mmd) was was added to a mixture of lithium 
hydroxkJe nrH>nohydrate (40.2 mg. 0.957 mmol) in absolute ethanol (2.4 mL), and the resulting solution was 
stirred at room temperature under a nitrogen atmosphere for 21.7 hours. Workup as described in method 3 af- 
forded a white foam (236 mg) shown by ^H NMR to consist of a 19:81 mixture of (9E)-9-deoxo-9-hydroxyimf- 
noerythromycin A and (9Z)-9-deoxo-9-hydroxyiminoerythromycin A, 

Method 5: 2.0 NaOEt in EtOH 



Freshly cut sodium metal (48 mg, 2.087 mmol) was dissolved in absolute ethanol (7.8 mL) under a nitrogen 
atmosphere. (9E)-9-Oeoxo-9-hydroxyimlnoerythromycjn A (782 mg, 1.043 mm<il) was added and the resulting 
solution was sUrred at room temperature. A crystallina precipitate, klentified as the starting oxime by thin layer 
chromatography, appeared after a few hours. After stirring overnight the mixture was once again a dear sol- 
ution. After 54 hours, approximately half (3.9 mL) of the reaction mixture was removed and evaporated under 
reduced pressure. The gumnny residue was stinred with ethyl acetate (5 mL) and saturated aqueous sodium 
chloride (5 mL) while the pH was adjusted to 9.2 by addition of dilute hydrochloric acid (2N and 0.2N soluttons). 
The mixture was shaken, the layers separated, and the aqueous portton extracted with nwre ethyl acetate (2 
X 2.5 mL). The combined ethyl acetate solutk>n was washed with brine (5 mL), dried with magnesium sulfate, 
filtered and evaporated under reduced pressure to a white foam (361 mg). This material was shown by ^H NMR 
spectroscopy to consist of a 22:78 mixture of the (9E) and (92) isomers of S-deoxo-d-hydroxyiminoerythromycin 
A. 



Method 6: 2.0 NaOH in EtOH 



The remaining half of the reaction mixture from method 5 was treated with water (0.0188 mU 1.04 mmol) 
to give a solutton effectively consisting of sodium hydroxide and oxime in ethanol. The solution was stined at 
room temperature for 23 hours, then worked up as described in method 5 to give a white foam (402 mg). This 
material was shown by »H NMR to consist of a 24:76 mixture of the (9E) and (9Z) isomers of 9-deoxo-9-hy- 
droxyiminoerythromycin A. 
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Method 7: 2.0 LiQH in MeOH 

A solution of lithium hydroxide monohydrate (37 mg. 0.88 mmol). (9E)-9-deoxo-9-hydroxyiminoefythromy- 
cin A (330 mg, 0.44 mmol). and methanol (3.3 mL) was stirred at room temperature for 65.5 hours. The solution 

5 was then stored at -20''C for 1 3 days before warming to room temperature and evaporating the solvent at re- 
duced pressure. The residue was stioed with ethyl acetate (5 mL) and brine (5 mL) while adjusting the pH to 
9.2 by successive addition of dilute hydrochloric acid. The mixture was shaken, the layers separated and the 
aqueous portion extracted with nrrore ethyl acetate (2 x 2.5 mL). The combined ethyl acetate solution was wash- 
ed with brine (5 mL). dried with magnesium sulfate, and evaporated under vacuuum to provide a white foam 

10 (324 mg). NmR analysis of this material indicated a 45:55 ratio of (9E) to (92) 9-deoxo-9-hydroxyrminoerythro- 
mycin A products. 

Method 8: 2.0 NaOMe in MeOH 

15 A solution of (9E)-9-deoxo.9-hydroxyiminoerythromycin A (375 mg. 0.5 mmol) in anhydrous methanol (3.5 

mL) was cooled in an ice bath and stirred under a nitrogen atmosphere while methanollc sodium methoxide 
(0.23 mL of a 25 wt % solution, 1.01 mmol) was added by syringe. The cooling bath was removed and the sol- 
ution was stirred at room temperature under a nitrogen atmosphere for 66 hours. The solution was then stored 
at -20*'C for 13.3 days before being processed to a white foam (329 mg) as described in method 7. The product 

20 consisted of a 35:65 mixture of (9E)-9-deoxo-9-hydroxyiminoerythromycin A and (9Z)-9-deoxo-9-hydroxyimi- 
noerythromycin A as determined by NmR spectroscopy. 

Method 9: 10.0 NaOMe in MeOH 

25 A solution of (9E)-9-deoxo-9-hydroxyiminoerythromycin A (100 mg, 0.134 mmol) In anhydrous methanol 

(4.70 mL) was treated with sodium methoxide (0.305 mL of a 25 wt % solution in methanol, 1 .335 mmol) and 
stirred at room temperature for 74.5 hours. The solvent was evaporated under reduced pressure and the residue 
stinred with ethyl acetate (5 mL) and brine (5 mL) while adjusting the pH of the aqueous layer to 9.4 with 2N 
hydrochloric tetd. The mbcture was shaken, the layers separated and the aqueous portion extracted with more 

30 ethyl acetate (2 x 2.5 mL). The combined ethyl acetate solutkjn was washed with brine (5 mL). dried with mag- 
nesium sulfate, filtered and evaporated at reduced pressure to afford a white foam (102 nr^g). This material was 
shown by NMR spectroscopy to consist of a 26:74 mixture of the (9E) and (9Z) isomers of 9-deoxo-9-hy- 
droxyiminoerythromycin A. 

35 Method 10: 2.0 UOH in iPrOH 

(9E)-9-Oeoxo-9-hydroxyim!noerythromycin A (279 mg, 0.361 mmol) was added to a partial solution of li- 
thium hydroxide nrwnohydrate (30.3 mg, 0.721 mmol) in isopropanol (2.7 niL), and the mixture was stin-ed at 
room temperature in a capped flask. A fine white prectpitata formed in a few minutes and, after stiring overnight 

40 the mixture was a hazy suspension. After 2 1 hours, the mixture was transferred to a freezer at -20''C and stored 
there for 15 days. After warrriing to room temperature, the solvent was evaporated under vacuum and the re- 
sidue stfrrad with ethyl acetate (5 mL) and t>rine (5 mL) whie adjusting the pH to 9.2 with dilute hydrochloric 
acid. The mixture was shaken, the layers separated, and the aqueous phase extracterd with more ethyl acetate 
(2 X 2.5 ml). The combined ethyl acetate solutton was washed with brine (4 mL), dried with magnesium sulfate, 

45 filtered and evaporated under vacuum to afford a white foam (249 mg). The product consisted of a 26:74 mixture 
of (9E)-9-deoxo-9-hydroxyimlnoefythromycin A and (9Z)-9-deoxo-9-hydroxyiminoerythromycin A as deter- 
mined by NMR spectroscopy. 

Method 11: 1.0 UOH in MeCN 

50 

A mixture of (9E)-9-deoxo-9-hydroxytminoerythronnycin A (500 mg, 0.668 mnnol), lithium hydroxide mono- 
hydrate (28 mg, 0.668 mmol), and absolute ethanol (5 mL) was stirred at room temperature for 10 minutes to 
give a solution. The solution was evaporated under reduced pressure to afford a residue that was twice diluted 
with ethanol (10 mL) and evaporated at reduced pressure and then suspended in anhydrous acetonitrile (5 mL) 
55 and evaporated at reduced pressure. The solid residue was suspended in anhydrous acetonitrile (5 mL) and 
the mixture was stirred at room temperature for 18 days. The solvent was evaporated under reduced pressure 
and the residue was stirred with ethyl acetate (5 mL) and saturated aqueous sodium chloride solution (5 mL) 
while adjusting the pH of the aqueous phase to 9.5 by addition of dilute hydrochloric acid. The mixture was 
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Shaken, the layers separated, and the aqueous portion was extracted with additional ethyl acetate (2 x 2 5 mL 
The combined ethyl acetate solution was washed with brine (5 mL). dried over magnesium sulfate, filtered an 
evaporated under reduced pressure to afford a foam (442 mg). This material was shown by NMR spectre 
scopy to consist of a 44:56 mixture of the (9EXand (92) isomers of 9.deoxo.9-hydroxyiminoerythromycin A. 

Method 12: 1.0 LiOH in DMF 



A mixture of (9E)-9.deoxo-9.hydroxyiminoerythromycin A (500 mg. 0.668 mmol). lithium hydroxide mono- 
hydrate (28 mg), and dimethylfonmamide (5 mL) was stirred at room temperature in a capped flask. After a few 
hours, the initial suspension gave way to a solution. After stirring for 18 days and 18 hours, the solution was 
evaporated under reduced pressure and the residue was processed as described in method 1 1 to afford a foam 
(402 mg). Analysis of this material by NMR spectroscopy indicated a 62:38 mixture of the (9E) and (QZ) iso- 
mers of 9-deoxo-9-hydroxyiminoerythromycin A. 

Method 13: 1.2 LiN(SiMe a)2 in MeCN 

A suspension of (9E)-9Hjeoxo-9.hydroxyiminoerythromycin (500 mg, 0.668 mmol) in anhydrous acetoni- 
trile (4 mL) was treated with lithium hexamethyldisilazide (0.80 mL of a 1M solution in hexane. 0.80 glycol). 
The resulting suspension rapidly gave way to a solution which reformed a suspension after stimng several days 
at room temperature. After 18 days and 19 hours, the reaction mixture was wortced up as described im method 
1 1 to afford a foam (423 mg). This material was shown by NMR spectroscopy to be a 50:50 mixture of (9E)- 
9-deoxo-9-hydroxyiminoerythromycin A and (92)-9-deoxo-9-hydroxyiminoerythromycin A. 

EXAMPLE 3 

Crystallization of (9Z)-9-Deoxo-9-hydroxyiminoefythPomycin A 

A 3: 1 mixture (30.0 g) of (9Z)-9-deoxo-9-hydroxyrminoerythromycin A and (9E)-9-deoxo-9-hydroxyiminoer- 
ythromycin A- was added over 2 minutes to well stirred ethyl acetate (60 mL). After obtaining a solution, me- 
thylene chloride (120 mL) was rapidly added and the resulting suspension was stirred in an ice bath for one 
hour. The precipitate was filtered off. washed with methylene chloride (60 mL), and dried under a stream of 
nitrogen to afford an 86:14 mixture (26,5 g) of (9Z)-9-deoxo-9-hydroxyiminoerythromycin A and (9E)-9-deoxo- 
9-hydroxyinrienoerythromycm A. 

A solution of the above solid in ethyl acetate (60 mL) was diluted with methylene chloride (120 mL). The 
resulting suspension was coded In an ice bath for one hour and then filtered. The collected solid was rinsed 
with methylene chloride (60 mL) and dried under a stream of nitrogen to afford a 95:5 mixture (23.4 g) of (92)- 
9-deoxo-9-hydroxyiminoerythromycin A and (9E>-9-deoxo-9-hydroxyiminoerythromycin A. 
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EXAMPLE 4 



10 



15 



20 



25 





35 



^ Synthesis of 8a-A2a-8a-homoefythromycin A and 9-Deoxo-6-deoxy-6.9-epoxy-8a,9-didehydro-8a-aza-8a- 
homoerythromycin A by the Bedonann Reanrangement of (9Z)-9-Oeoxo-9-hydroxytminoefythromycin A 

Method 1 : 

(9Z)-9-Oeoxo-9-hydroxyimincerythromycin A (200 mg. 9.27 mMol) was dissoh/ed in acetone (2 mL) and 
the resulting solution was cooled in an ice-bath and stirred under a nitrogen atmosphere. A solution of sodium 
bicarbonate (84 mg, 1.0 mMol) in water (2 mL) was added followed by the drapwise addition of an acetone 
solution (2 mL) of p-toluenesulfonyl chloride (100 mg, 0.53 mMol) over 5 minutes. 

After stining for 1.5 houre at 0-5*0, the mixture was diluted with dichloromethane (10 mL) and water (5 
mL). and the pH was adjusted from 10 to 5.5 with 2N HCI. The dichloromethane layer was discarded and the 
aqueous layer was washed with additional dichloromethane (2x10 mL) which was also discarded. Dichloro- 
methane (10 ntL) was added to the aqueous layer and the pH was adjusted to 8.5 with 2.5 N NaOH. The di- 
chloromethane layer was removed and the aqueous layer was extracted with more dichloromethane (2 x 20 
mL). The combined dichloromethane extracts were dried over anhydrous magnesium sulfate, filtered and 
evaporated under vaojum to give a mixture of the title compounds as a foam (150 mg). 

The above mixture was purified by preparative layer chromatography (two 0.1 mm x 20 x 20 cm Analtech 
silica gel GF plates, developing and eluting with 60:10:1 dichloromethane-methanol concentrated anrwnonium 
hydroxide) to afford 8a-aza-8a-homoerythromycin A (95 mg.) and 9-deoxo-6-deoxy-6,9-epoxy-da,9-didehy- 
dro-da-aza-6a-homoerythromycin A (33 mg). 

Method 2: 
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45 



50 



A solution of p-toluenesulfbnyl chloride (1.00 g. 5.2 mmol) in acetone (20 mL) was added to a solution of 
sodium bicart>onate (0.90 g, 1 0.7 mmol) in water (20 mL). The resulting suspension was cooled in a -1 0*'C bath 
55 and stirred while a solution of (92)-9-deoxo-9-hydroxyiminoerythromycin A (2.00 g, 2.7 mmol) in acetone (20 
mL) was added slowly over 75 minutes. The mixture was stirred at - 10*^0 for 5 houre, then warmed to 0°C over 
10 minutes and stirred at O-S^'C for 30 minutes. The mixture was evaporated under vacuum to remove the acet- 
one. The aqueous residue was diluted with water (40 mL) and dichloromethane (80 mL) and stirred while the 
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pH was adjusted to 5.5 with dilute hydrochloric acid. The aqueous layer was separated, washed with dichloro- 

methane (60 mL). layered with dichloromethane (60 mL). and stirred while the pH was brought to 9 with dilute 

aqueous sodium hydroxide. The layers were separated and the aqueous portion extracted with more dichloro- 

methane (2 x 50 mL). The combined pH 9 extracts were dried over magnesium sulfate, filtered and evaporated 

under reduced pressure to afford a gum (J..97 g) which was shown.by NMR spectroscopy to be a 1:1 mixture 

of 8a-aza-8a-homoerythromycin A and 9-deoxo-6-deoxy.6.9-epoxy-8a,9-didehydro-8a-aza-8a-homoerythro- 
mycin A. - 

The crude product mixture was dissolved in 120:10:1 dichloromethane-methanol-conc. aqueous ammoni- 
urn hydroxide (5 mL) and loaded onto a column of silica gel (4 x 16 cm). The column was eluted with 120:10:1 
dichloromethane-methanol-ammonium hydroxide. After a 1 50 mL forerun, 1 5 mL fractions were collected. Frac- 
tions 9-13 were combined and evaporated under vacuum to afford 9-deoxo-6-deoxy-6.9-epoxy-8a,9.dldehy- 
dro-8a-aza.8a-homoerythromycin A (ca. 500 mg) and fractions 22-26 were combined and evaporated to afford 
8a-aza-8a-homoerythromycin A (ca. 500 mg). The later product was crystallized from ether to give the amide 
(ca. 1 30 mg) as a white solid. 

Physical data for 9-deoxo-6-deoxy-6.9-epoxy- 8a,9-didehydro-8a-aza-8a-homoeryrthromycin A: 

IR (CHCI3) 3550. 3440 (br). 2970. 2940. 2880. 1725. 1665. 1455. 1375. 1345. 1325. 1240. 1170 1105 1080 
1050. 1015. 995. and 955 cm-'. 

NMR (CDCI3) 5 5.02 (d. H-l"). 4,90 (dd. H-13). 4.48 (d. H-1'). 4.09 (dq. H-5"). 4,02 (t. H.3), 3.81 (d. H-5) 
3.53 (m, H.5'). 3.49 (d, H-11). 3.43 (m. H.8). 3.35 (s. OCH3). 3.20 (dd. H-2'). 3.07 (t. H-4'*). 2.75 (dq. H-2). 2 68 
dq, H.10). 2.52 (ddd. H-3'). 2.43 (d. H-2-eq). 2.28 (s. N(CH3)2), 1.98 ddq. HM), 1.91 (m H-14a). 1.90 (dd. H- 
7a), 1.68 (ddd, H-4'eq), 1.62 (dd, H-2''ax), 1.46 (m. H-14b). 1.39 (s. 6-CH3). 1.32 (d, 5''-CH3). 1.27 (s 3''.CH3). 
1.24 (m, H-7b), 1.22 (d, S'-CHa), 1.21 (m H-4'ax), 1.16 (d. IO-CH3), 1.15 d. 8.CH3). 1.15 (s. 12-CH3). 1.14 (d! 
2-CH3). 1 .08 (d, 4-CH3), and 0.87 (t, CH2CH3), 

i^C NMR (COOa) 6 177.6, 160.6,' 102.4, 94!6. 80.1. 78.9, 77.9, 77.4, 76.5. 75.7. 73.0. 70.6, 70.0. 68.8. 65.8. 
65.6, 49.4. 44.9. 44.0. 42.3. 42.1. 40.3, 34.5. 32.0, 28.5, 23,8. 22.4. 21.5, 21.3, 21.0. 18.2, 17.0. 16.4. 12 5 
10.8, and 8.4. 

FAB mass spectrum, m/z 731, 713, 602, 573, 555, 398, 159. 158, and 1 16. 
Physical data for 8a-aza-8a-homoerythromycin A: 
MP 170-176*»C. 

IR (CHCI3) 3500 (br). 3430, 3320, 2970. 2935, 2880. 17730. 1630. 1560, 1525. 1455. 1375. 1 325. 1280. 1 170. 
1160, 1105. 1085. 1045. 1010 and 995 cnr^ 

NMR (CDCI3) 6 5.89 (br d, NH). 5.07 (d, H-l"). 4.92 (dd. H-1 3). 4.43 (d, H-V). 4.35 (d. H-3). 4.21 (m. H-8). 
4.01 (dq, H-5''). 3.58 (d, H-S), 3.50 (m, H-S'), 3.50 (s, H-l 1). 3.32 (s, OCHj) 3.21.(dd, H-2'), 3.03 (t, H-4-). 2.62 
(dq, H-2). 2.54 (m, H-3'). 2,35 (m. H-10). 2.35 (s, N(CH3)2). 2.31 (d, H.2'*eq), 1.90 (m, H-4), 1,89 (m. H-1 4a). 
1.75 (br d, H-4'eq). 1.57 (dd. H-2-ax). 1.51 (m, H.7a and H.7b), 1.44 (m, H-14b), 1.43 (s, 6-CH3). 1.30 (d. 5"- 
CH3). 1.24 (8, 3--CH3). 1.23 (m. H-4'ax), 1.23 (d. 5'-CH3). 1.20 (d, 8-CH3). 1.19 (d, IO-CH3), 1.18 (d, 2-CH3). 
1.09 (9. 12-CH3), 1.05 (d. 4.CH3), and 0-89 (t, CH2CH3). 

1^ NMR (COCI3) 177,6, 176.6, 102.7. 94.2, 83.0 77.^77.0, 76.6. 74.6, 73.7, 72.9, 70.0, 69,8, 68.8. 65.8. 65.2. 
49.2. 45.8, 43.2. 42.4, 41.0, 40.4, 40.1, 34.5. 28.3, 27.6, 23.1. 21.7. 21.5, 21.2. 18.0, 16.1. 14.6, 11.2, 10.0. 
and 9.1 

FAB mass spectnjm, m/z 749. 731, 591, 589, 573, 416. 174, 159, 158, and 117. 

Elemental Analysis. 

Calculated for C37Hg8N20i3- 

C. 59.31; H, 9.15; N, 3,74. 
Found: C, 59.24; H, 9.15; N, 3.44 
Loss on drying at IZO'^C, 3.11%. 



41 



BP 0 508 699 A1 



EXAMPLE 5 



Synthesis of 9-Oeoxo-6-deoxy-6,9-epoxy-8a.9-didehydro-8a-aza-8a-homoefythromycin A and 9-Deoxo-l2- 
deoxy-9.12-epoxy-8a,9-dtdehydro-8a-aza-8a-homoerythromycin A by Becknnann Rearrangement of (9Z)-9- 
5 deoxo-9-hydroxyinninoefythronnycin A ^ , 




35 Method 1 : 

A solution of p-toluenesulfonyl chloride (15.0 g. 0.079 moi) in diethyl ether (50 mL) was added dropwise 
over 8 minutes to an ice-cold, stirring solution of 9(Z)-9-deoxo-9-hydroxyiminoerythromycin A (23.2 g, 0.031 
mol) in pyridine (180 mL). The resulting solution was stirred at 0-5**C for 2.5 hours, then diluted with dichloro- 

40 methane (400 mL) and water (500 mL) and basified to pH 9.5 by addition of 5N sodium hydroxide. The layers 
were separated and the aqueoua portion extracted with more dichloromethane (200 mL 100 mL). The com- 
bined dichloromethane extracts were dried over magnesium sulfate, filtered, and evaporated under vacuum to 
afford an oi. Residual pyridine was removed by twice taking the product up in toluene (100 mL) and evaporating 
the solvent under vacuum. The resulting foam (21 .4 g) was shown by 1 H NMR spectroscopy to be a 26:74 mix- 

45 ture of 9-deoxo-6-deoxy-6.9-epoxy-da,9-dkiehydro-8a-aza-da-hornoefythronTycin A and 9-deoxo-12-deoxy- 
9. 1 2-epoxy-8a,d-didehydro-8a-aza-da-honnoerythromycin A, 

Method 2: 

50 A solution of p-toluenesulfonyt chloride (160 mg. 0.84 mmol) in diethyl ether (0.5 mL) was added rapidly 

to an icd-cold solution of (9Z)-9-deoxo-9-hydroxyiminoerythromycin A (250 mg. 0.33 mmol) in pyridine (2.0 mL). 
The resulting solution was stirred at O-S^'C for 1.5 hours, then diluted with dichloromethane (4 mL) and water 
(4 mL) and basified to pH 9.5 by addition of 5N sodium hydroxide. The layers were separated and the aqueous 
portion extracted with more dichloromethane (2x4 mL). The combined dichloromethane extracts were dried 

55 over magnesium sulfate, filtered, evaporated under vacuum and stripped with hexane (4x15 mL) to afford a 
yellow solid (260 nng.) This material was shown by *H NMR spectroscopy to be a 25:75 mixture of 9-deoxo-8- 
deoxy-8.9-epoxy*8a,9-didehydro-da-aza-da-homoerythromycinAand 9-deoxa-12-deoxy-9,12-epoxy-8a,9-di- 
dehydro-8a-aza-8a-homoerythromycin A. 
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chloroform extracts were washed with water, dried, 
and evaporated in vacuo to give 0.40 g of the 9a-methyl 
derivative. 

^* s 
9-Deoxo-9a-methyl-4'*-deoxy-4".beia-aniino-9a-a2a-9a- 

homoerythromycin A 
The product of Part B (0.40 g) was dissolved in 5 mJ 
of glacial acetic acid, and then 100 mg of 10% palladi- 
urn-onK:arbon was added, under nitrogen. The resulting k 
mixture was shaken under an atmosphere of hydrogen 
for 5.5 hours at a pressure of ca. 4 kg/cm^, and then the 
catalyst was removed by filtration. To the filtrate was 
added ethyl acetate and water and the pH of the aque- 
ous phase was adjusted to 9.5. The ethyl acetate layer 13 
was removed, and the aqueous layer was extracted with 
further ethyl acetate. The ethyl acetate solutions were 
combined, washed with water and dried. Evaporation 
of the dried solution gave 0.04 g of 9-deoxy-9a-methy!- 
4"-deoxy-4"-beta-amino-9a-a2a-9a-homoerythromycin 20 
A, 

The 'H-NMR spectrum of the product showed ab- 
sorptions at 2.13 (broad singlet, 9H) and 3.28 (singlet, 
3H) ppm. 

EXAMPLE 2 25 

9-Deoxo-9a-methyl-4"-deoxy-4"-alpha-ainino-9a-aza- 
9a-homoerythromycin A 

The title compound can be prepared from 9-deoxo- 
4"^eoxy-4"-alpha-amino*9a-aza-9a-homoerythromycin 30 
A by reaction with benzyloxycarbonyl chloride, fol- 
lowed by reaction with formaldehyde-formic acid, fol- 
lowed by hydrogenolysis, using the procedures of Parts 
A, B and C of Exaqiple 1. 

EXAMPLE 3 " 

9-Deoxo-4"-deoxy-4"-alpha-amino-9a-a2a-9a-homoery- 
thromycin A 

A. 4"-Deoxy-4"-alpha-amino-€rythromycin A oxime ^ 
A mixture of 6.4 g (8.6 mmole) of 4"^eoxy-4"-aipha- 
amino-erythromycin A, 3.2 g (46 mmole) of hydroxy- 
lamine hydrochloride and 65 mi of pyridine was heated 
to 50* C, and maintained at that temperature for ca. 18 
hours. The reaction mixture was then added to a mix- 45 
ture of diethyl ether and water, and the pH of the aque- 
ous layer was adjusted to 10. The layers were separated, 
and the aqueous layer was extracted further with ether. 
The combined ether solutions were washed with water, 
followed by saturated sodium chloride solution, and 50 
then the ether solution was dried (NaaSOd). Evapora- 
tion of the ether solution gave a foam. To the foam was 
added more ether, and the mixture was heated on a 
steam bath and then allowed to cool. The solid material 
was fUtered off to give a first crop (3.86 g) of the re- 55 
quired oxime. The ether filtrate was evaporated in 
vacuo to give a second crop (1.9 g) of the required 
oxime. 

B. 4"-Deoxy-4"-aIpha-amino.9a-a2a-9a ^ 
-homoerythromycin A 

To a solution of the second crop of the oxime of Part 
A (1.9 g; 2.5 mmole) in a mixture of 40 mi of acetone 
and 30 ml of water was added 1.3 g (18 mmole) of so- 
dium bicarbonate, and then the mixture was cooled to 65 
ice-bath temperature. To the resulting mixture was 
added a solution of 1.0 g (5.0 mmole) of 4-toluenesulfo- 
nyl chloride in ca, 10 ml of acetone, dropwise with 
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stirring during 10 minutes. During the addition, aqueous 
sodium hydroxide was added as needed to keep the pH 
at approximately 8. Stirring was continued for 30 min- 
utes, and then the reaction mixture was poured into a 
mixture of water and dichioromethane. The pH of the 
aqueous layer was adjusted to 5 and the dichiorometh- 
ane layer was removed. The aqueous residue was then 
extracted with dichioromethane at pH 6.0 and 10. The 
, dichioromethane solution from the extraction at pH 10 
was evaporated in vacuo and the residue recrystailized 
from ether, to give a first crop of the desired 9a-a2a-9a 
-homo compound. The dichioromethane solution from 
the extraction at pH 6.5 was evaporated in vacuo to 
give a second crop of the desired 9a -a2a-9a-homo com- 
pound. The mother liquor from the ether recrystalliza- 
tion was evaporated in vacuo to give a third crop of the 
desired 9a -aza-9a-homo compound. The three crops 
were combined to give l.O g of the desired 9a-aza-9a- 
homo compound. 

C. 9-Deoxo-4"-deoxy-4"-alpha-amino-9a 
-aza-9a-homoerythromycin A 

A solution of the product of Part B (1.0 g; 1.3 mmole) 
in 40 mi of methanol was cooled to ice-bath tempera- 
ture, and then 2.0 g of sodium boro hydride was added 
portionwise, with stirring. Stirring was continued for 1 
hour» and then the reaction mixture was diluted with 
water and ethyl acetate. The pH was adjusted to 9, and 
the ethyl acetate layer was removed, washed with wa- 
ter, and dried. Evaporation of the ethyl acetate solution 
afforded 5Q0 mg of the 9a-deoxo-9a-aza-9a-homo com- 
pound. 

The latter 9a-deoxo-9a-aza-9a-homo compound was 
combined with an additional 1.28 g of material of simi- 
lar quality prepared in an analogous fashion, and the 
mixture was purified by column chromatography on 
silica gel, using chloroform/methanol/ammonium hy- 
droxide (9:5K).05) as eluant. Evaporation of the appro- 
priate fractions gave 600 mg of 9-deoxo-4".deoxy-4"- 
alpha-amino-9a-a2a-9a-homoerythromycin A. 

The 'H-NMR spectrum of the product showed ab- 
sorptions at 2.29 (singlet, 6H) and 3.33 (singlet, 3H) 
ppm. 

EXAMPLE 4 

9-Deoxo-4"-deoxy-4"-bcu-amino-9a-a2a-9a-homoery- 
thromycin A 

A. 4"-Deoxy-4"-beta-aminoerythromycin A oxime 

A mixture of 50 g (68 mmole) of 4"-deoxy-4".beta- 
aminoerythromycin A, 25 g (360 mmole) of hydroxy- ^ 
lamine hydrochloride and 250 ml of pyridine was stirred 
at room temperature for 2 days. To the reaction mixture 
was then added water and ethyl acetate and the pH was 
adjusted to 10. The ethyl acetate layer was removed, 
dried, and evaporated in vacuo to give a foam. The 
foam was recrystailized from ether to give 14 g of the 
desired oxime. The mother liquor was evaporated in 
vacuo to give a foam, which was triturated under petro- 
leum ether and then recrystailized from ether to give an 
additional 6.9 g of the desired oxime. 

Evaporation of the mother liquor from the second 
recrystallization, and treatment of the residue with 15 g 
of hydroxylamine hydrochloride in 60 mi of pyridine as 
above, afforded a further 4.5 g of the desired oxime. 
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form and water and the pH of the water layer was 

adjusted to 2. The aqueous layer was removed and the PREPARATION I 

pH was adjusted to 6.2. The aqueous layer was e.\- 

tracted at pH 6.2 to remove the 4"-hydroxy^.products -Peoxy-4".alpha.amino-erythromycin A 

and the extracts were discarded. The pH of the aqueous ^ a mixture of lO.O g (13.6 mmole) of 4-.deoxy.4".oxo- 
layer was then raised to 9.5 and the aqueous layer was erythromycin A 10 5 a of .rr.r^^ co y oxo 

then further extracted with chloroform. The latter ex. "yy'l'''"^^'".^' ^^'^ ^ of ammonium acetate and lO.O 
tracts were dried and evaporated in vacuo. The residue ^ Kaney nickel m 150 ml of methanol was shaken 
was redissolved in water at pH 2. The aqueous solution .q ^^^^^ ^" atmosphere of hydrogen, at an initial hydro- 
thus obtained was extracted with chloroform at pH 2. S®" pressure of ca. 4 kg/cm^, at room temperature. 
pH 6.2 and pH 9.5. The chloroform solution from the overnight. An additional 10.5 g of ammonium acetate 

=rr„'a: p""„v?s>:;r.?:i:tK • " "-^t" 

was extracted with chloroform at pH 2, pH 6.2 and pH 15 '"'^^"^^ "^^^ ^8^'" ^^^^^ ""^er hydrogen, at initial 

9.5. The chloroform solution from the extraction at pH hydrogen pressure of ca. 4 kg/cm^, at room tempera- 
9.5 was dried and evaporated in vacuo to give 0.18 g of overnight. The catalyst was removed by filtration 

a 1:1 mixture of 9Kieoxo-9a-meihyi-4"-deoxy.4".beta- and the filtrate was concentrated in vacuo to ca 50 mi 

ammo.9^ A and its 4".alpha. The concentrated filtrate was then poured with stimng 

into a mixture of 250 ml of water and 200 ml of chloro- 

EXAMPLE 7 form, and the pH of the aqueous layer was adjusted to 

9.Deoxo.9a-mcthyl-2'-0-acetyl.4"-deoxy-4"^xo-9a- ^.4. The organic layer was removed and discarded and 

aza-9a-homocrythromycin A the aqueous layer was further extracted with chioro- 

A- form at pH 5.4. The further extracts were discarded 

9.Deoxo.9a.methyI.r^acetyI-9a.aza-9a.homoery. The pH of the aqueous phase was adjusted to 9.6 and 

t romycOT A ^^^^^ aqueous phase was extracted with chloroform. 

qJL^IT" Tu**.^/*"^"^^ ^'^ * ^^-^ "^^^^^ 30 "'"cts were dried (NatSO*) and then con- 

9-deoxo-9a-methyl-9a-aza-9a-homoerythromycin A ^^.^ • , 

and 0.13 ml (1.4 Lnole) of acetic anZdZ^^nZ ml of T * ' "^'^ "^^ 

chloroform was stirred for several hours at room tern- dissolved in 35 ml of hot isopropanol, and the 

perature. To the solptioa was added an excess of water solution was allowed to cool to room temperature with 

and stirring was continued for 30 minutes with the pH 35 stirring. The solid which had formed was recovered by 

bemg held at 9, The organic phase was then removed, filtration and dried, to afford 3,54 g of 4"-deoxy-4". 

dned and evaporated to give l.O g of the desired 2'-0- i u • ^ -^^cuAy-t 

acetyl compoimd. a«irea z u- alpha-ammo^srythromycin A. contaminated with 

5-10% of its 4"-epimer. 

9-Deoxo-9a.methyl.r.O-Ltyl-4''Kleoxy-4''^xo-9a. , ^ Proportion of 4".beta.amino epimer can be re- 
a2a-9a.homoerythromycin A successive recrystallizations from isopropa- 

A mixture was prepared from 7.5 g (9.5 mmole) of 
9-deoxy.9a-methyl-2'-0-accty|.9a^^-9a-homoerythro. PREPARATION 2 

mycm A, 5.5 g (28 mmole) of N-ethyl-NXN,NKiime- '^^ 

thylaminopropyl)carbodiimide and 6.7 ml (95 mmole) 4".Deoxy-4"-beta-amino-crythromycin A 

during 3 miauto. S.5 g (28 mmolOof pyridinluTrrt: ,„ ^'^ 8 of anMnomum acetate and 10 g of 10% palladium- 

fluoroacetate. The temperature rose to 39* C. and then on-carbon in 200 ml of methanol was shaken at ambient 

returned to room temperature. Stirring was continued temperatures in a hydrogen atmosphere at an ipitial 

for 2 hours and then an excess of water was added and pressure of ca. 4 kg/cmJ overnight. The spent catalyst 

or«^5 '*Zf' "^j"*'*** '° 'he nitrate concentrated to dryness in 

organic layer was removed, dned and evaporated in 35 ,^ -n. ^ ^ v«ync» m 

vacuo to give 7.5 g of 9-deoxo-9a.methy|.2'<)-acetyi- pamttoned between water- 

4"-deoxy-4".oxo-9a-aza-9a-homoerythromyctn A. chloroform at a pH of 5.3. The aqueous layer was sepa- 

The 'H-NMR spectrum of the product showed ab- rated, the pH adjusted to 9.6 and chloroform added, 

sorptions at 2.05 (singlet, 3H). 2.26 (singlet. 6H). 2.33 The organic layer was separated, dried over sodium 

(smglet. 3H) and 3.33 (singlet. 3H) ppm. SO concentrated under reduced pressure to 

EXAMPLE 8 dryness. The residual white foam (19 g) was triturated 

9-Deoxo-9a-methyl-2'-0-propionyl-4"-deoxy-4"-oxo- ^^^^ of diethyl ether at room temperature for 30 

9a-a2a-9a-homoerythromyc!n A minutes. The resulting solids were filtered and dried to 

The title compound can be prepared by repeating give 9.43 g of 4'*-deoxy-4"-beta-amino-erythromycin A. 

Example 7. but replacing the acetic anhydride used in ^« claim: 

Part A by an equimolar amount of propionic anhydride. 1. A macrolide antibiotic compound of the formula 
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N(CH3J: 



N(CH3)2 
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OCH5 



"bCH5 



and the pharmaceutically-acceptable acid-addition salts 
thereof; wherein 
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or a pharmaceutically-acceptable acid-addition salt 

thereof; wherein 

R> is selected from the group consisting of hydrogen 

and methyl; and . . 

R2 and are each selected from the group consisting 

of hydrogen and amino; 
provided that R^ and R^ are always different. 
6. The method according to claini 5, whcrem R is 

R. . ^ f»- ro-P of hy.-.™ » X^^'-'i^.S^' " r. " 

8. The method according to claim 6, wherein R* is 
and methyl; and hydrogen and is amino. 

9 A pharmaceutical composition which comprise a 
R.a„<iR3«eeachse.ectcdfron.thegroupconsisti„g 30 pHa™-u^y-^b^e^««^^ 

of hydrogen and amino; ^^^^ 



to ^e macroUde antibiotic compound is m the range 
from 4:1 to 1:4. 
"* 10. A compound of the formula 



N(CH3h 



provided that R^ and are always different. 

2. A compound according to claim 1, wherein R* is 

methyl. ^ 

3. The compound according to claim 2, wherein R^ is 

amino and R^ is hydrogen. 45 

4. The compound according to claim 2. wherein R^ is 
hydrogen and R^ is amino. ^ 

. S. A .eU.od Of treatin, a bacteH.1 infection in * -'l^'^^, 

mammalian subject, which comprises administering *"Ji^^°compound according to claim 10. wherein 

R« is hvdrosen. . . ... 

thereto an antibacteriaUy effective amount of a macro- 
Ude antibiotic compoutxd of the formula 




•"^.'-Sr^mpound according to claim 10. wherein 
R* is acetyl. 
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Method 3 : 

A solution of p-toluenesulfonyl chloride (160 mg, 0.84 mmol) in acetonitrile (0.5 mL) was added rapidly to 
an ice-cold solution of (9Z)-9-deoxo-9-hydroxyim!noerythromycin A (250 mg. 0.33 mmol) in pyridine (2.0 mL). 

5 The resulting solution was stirred at O-S^'C for 80 minutes, then diluted with dichloromethane (4 mL) and water 
(5 mL) and basrfied to pH 9.5 by addition of 5N sodium hydroxide. The layers were separated and the aqueous 
portion extracted with more dichloromethane (2x4 mL). The combined dichloromethane extracts were dried 
over magnesium sulfate, filtered, and evaporated under vacuum to a foam which was stripped with toluene (2 
x 10 mL) and hexanes (10 mL) to afford a solid (230 mg). This material was shown by NMR spectroscopy 

10 to be a 33:67 mixture of 9-deoxo-6-deoxy-6.9-epoxy-and 9-deoxo-12-deoxy-9,12-epoxy-8a.9-didehydro-8a- 
aza-8a-homoerythromycin A. 

Method 4 : 

IS A solution of p-toluenesfulfonyl chloride (160 mg, 0.84 mmol in toluene (0.5 mL) was added rapidly to an 

ice-cold solution of (92)-9-deoxo-9-hydroxy(minoerythromycin A (250 mg. 0,33 mmol) in pyridine (2.0 mL). The 
resulting solution was stirred at 0-5°C for 90 minutes, then diluted with dichloromethane (4 mL) and water (4 
mL) and basrfied to pH 9.5 by addition of IN sodium hydroxide. The layers were separated and the aqueous 
portion extracted with more dichloromethane (3x4 mL). The combined dichloromethane extracts were dried 

20 over magnesium sulfate, filtered, and evaporated under vacuum to a solid (250 mg). This material was shown 
by NMR spectroscopy to be a 27:73 mixture of 9-deoxo-6-deoxy-6,9-epoxy- and 9-deoxo-12-deoxy-9.12- 
epoxy-8a.9-didehydro-8a-aza-8a-homoerythromyc(n A. 

Method 5 : 

25 

Benezenesulfonyl chloride (0.107 mL. 0.84 mmol) was added by syringe to an ice-cold solution of (9Z)-9- 
deoxo-9-hydroxyiminoerythromycin A (250 mg, 0.33 mmol) in pyridine (2,0 mL). The resulting solution was stir- 
red at 0-5*'C for 75 minutes, then processed as described above to afford a yellow solid (240 mg). This material 
was shown by NMR spectroscopy to be a 31:69 mixture of 9-deoxo-6-deoxy-6.9-epoxy- and 9-deoxo-12- 
30 deoxy-9.12-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromycin A. 

Method 6 : 

Methanesulfonyl chloride (0.065 mL. 0.84 mmol) was added by syringe to an ice-cold solution of (9Z)-9- 
35 deoxo-9-hydroxyiminoerythromycin A (250 mg, 0.33 mmol) in pyridine (2.0 mL). The resulting solution was stir- 
red at 0-5°C for 2 hours, then processed as described above to afford an off-white solid (246 mg). This material 
was shown by NMR spectroscopy to be a 25:70:5 mixture of 9-deoxo-6-deoxy-6,9-epoxy-8a.9-didehydro- 
8a-aza-8a-homoerythromycin A, 9-deoxo-1 2-deoxy-9,12-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromy- 
cin A. and 9-deoxy-12-deoxy-9,12-epoxy-4''-0-methanesulfonyl-8a.9-didehydro-8a-aza-8a-homoerythromy- 
40 cin A. 

Method 7 : 

A solution of (9Z)-9-deoxo-9-hydroxyiminoerythromycin A (250 mg. 0.33 mmol) in pyridine (2.0 mL) was 
45 cooled in a -20°C bath and treated with methanesulfonyl chloride (0.071 mL, 0.92 mmol). The resulting hazy 
solution was stirred at -10 to -20*C for 90 minutes, then processed as described above to afford a yellow solid 
(264 mg). This material was shown by NMR spectroscopy to be a 88:12 mixture of 9-deoxo-6-deoxy-6.9- 
epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A and 9-deoxo-12-deoxy-9.12-epoxy-8a.9-didehydro- 
8a-aza-8a-homoerythromycln A. 

50 

Method 8 : 

A mixture of (9Z)-9-deoxo-9-hydroxyiminoerythromycin A (0.50 g. 0.67 mmol). p-toluenesulfonyl chloride 
(318 mg. 1.67 mmol) and pyridine (0.162 mL, 2.0 mmol) in dichloromethane (5.0 mL) was stirred at room tem- 
55 perature for 1 .5 hours. The mixture was diluted with water and stirred rapidly while adjusting the pH to 1 1 with 
5N sodium hydroxide. The organic phase was separated, dried with magnesium sulfate, filtered and evaporated 
under reduced pressure to afford a yellow solid (570 mg.) Analysis of the crude product by NMR spectro- 
scopy revealed a 80:20 mixture of 9-deoxo-6-deoxy-6.9-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin 
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A and 9-deoxo-12-deoxy-9,12-epoxy-8a,9-didehydro-8a-aza-8a-homoerythronnycin A. 
Example 6 

5 Purification of 9-Deoxc>-12-deoxy-9J2-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A by Column 
Chromatography 

Although unnecessary for the following reduction step, it is possible to separate the isomeric 6.9-epoxy- 
and 9,12-epoxy products by silica gel or alumina column chromatography. The following procedure illustrates 
10 the purification process for 9-deoxo-12-deoxy-9,12-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A. 

The crude products from methods 3 and 4 above were combined, dissolved in 94:5:1 dichloromethane- 
methanol-triethylamine. and loaded onto a column of silica gel (230-400 mesh, 2.5 x 24.5 cm, wet packed under 
94:5:1 dichloromethane-methanol-triethylamine). The column was eluted with 94:5:1 dichloromethane-metha- 
nol-triethylamine. collecting 6 mL fractions. Fractions 15-18 were combined, evaporated under reduced pres- 
15 sure, and the residue twice stripped with toluene to provide 9-deoxo-12-deoxy-9,12-epoxy-8a,9-didehydro-8a- 
aza-8a-homoerythromycin A (190 mg) as a foam. The product is a mixture of major and minor forms, isomeric 
about the 8a,9-imino double bond, as ascertained by and NMR spectroscopy. 

IR (CHCI3) 3550, 3390 (br), 2975, 2940, 2880, 1735, 1690. 1455. 1375, 1240. 1165. 1085, 1045, 1010, 
and 970 crrr' 

20 FAB mass spectrum, m/z 731, 713, 602. 573, 556. and 158 
Example 7 

Chromatopraphic Separation of 9-Deoxo-6-deoxy-6,9-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromycin 
25 A and 9-Deoxo-12-deoxy-9,12-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromycin A and Crystallization of 
9-Deoxo-1 2-deoxy-9. 1 2-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A 

A sample (4.0 g) of the crude product mixture obtained as described in method 1 of Example 5 was dis- 
solved in 60:10:1 dichloromethane-methanol-conc. aqueous ammonium hydroxide (6 mL) and the solution was 

30 loaded onto a column of EM silica gel 60 (4.5 x 18 cm, 230-400 mesh, wet packed under 60:10:1 dichlorome- 
thane-methanol-conc. ammonium hydroxide). The column was eluted with 60:10:1 dichloromethane-methanol- 
conc. aqueous ammonium hydroxide. The fractions collected from 1 50 mL to 1 65 mL of eluant were evaporated 
under vacuum to afford 9-deoxo-6-deoxy-6,9-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromy chi A (0.34 g) 
as a foam. The fractions collected from 185 mL to 285 mL of eluant were combined and evaporated under re- 

35 duced pressure to afford a mixture of the two isomeric forms of 9-deoxo-12-deoxy-9.1 2-epoxy-8a.9-didehydro- 
8a-aza-8a-homoerythromycin A (1.36 g) as a foam. 

A solution of the mixture of 9.12-epoxy isomers in nitromethane (2 mL) deposited a large, crystalline mass 
on standing at room temperature for several days. The mixture was diluted with nitromethane (10 mL) and fil- 
tered to remove the solid portion, which was washed with nitromethane (2 mL) and dried under high vacuum. 

4o The white solid thus obtained (0.9 g) was shown by m NMR spectroscopy to be the major 9,12-epoxy isomer 
which is initially formed in the Beckmann rean-angement reaction. While stable in the solid state , solutions of 
the crystalline isomer in chlorofonm-d isomerize at room temperature in several hours to a 1:1 mixture of the 
two imino double bond isomers of 9-deoxo-12-deoxy-6.9-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin 
A. 

45 

Physical data for9-deoxo-12-deoxy-9,12-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A: 

Isomer A (crystalline isomer) 

50 MP 124-130^C (slowly softens). 

IR (CHCI3) 3550. 3380 (br). 2970, 2935, 2875. 1735. 1695. 1560. 1460, 1375, 1250. 1165. 1115, 1058, 
1045. 1015, and 975 cnrr^. 

1H NMR (CDCI3) 6 5.17 (dd. H-13), 4.73 (d. H-1"). 4.47 (d. H-V). 4.15 (dq. H-5"). 4.09 (dd, H-3), 3.99 (br 
s, H-5). 3.81 (t, H-11), 3.68 (m, H-8). 3.65 (m, H.5'). 3.40 (ddd. H-2'). 3.23 (s. OCH3), 2.96 (t, H-4''), 2.70 (0. 
55 H-10), 2.68 (m, H-3'). 2.57 (br d, 11-OH), 2.45 (p. H-2). 2.31 (s, N(CH3)2)» 2.28 (d. H-2''eq). 2.20 (d. 4''-OH), 
2.07 (ddq. H-14a). 1.90 (br d, H-7a), 1.75 (dd. H-7b). 1.74 (m. H-4), 1.70 (m, H-4'eq). 1.69 (m. H-14b). 1.46 
(dd. H-2''az), 1.40 (s. 6-CH3). 1.29 (m, H-4'ax). 1.27 (d, IO-CH3). 1.27 (d. S^-CHj). 1.25 (d. 2-CH3). 1.24 (d, 5'- 
CH3). 121 (s, 3"-CH3). 1.18 (s, I2-CH3). 1.07 (d, 8-CH3), 1.01 (d, 4-CH3). and 0.86 (t. CHjCtia). 
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NMR (CDCl3)6 174.2, 161.3. 106.7, 98.3, 85.4. 84.2. 80.5, 79,8, 77.4, 75.0. 72.3, 70.3, 69.4. 66.3, 63.8. 
49.4, 49.2. 49.0, 47.1, 45.4, 43.2. 40.4, 35.0, 29.3, 27.5, 24.6, 24.4. 23.3, 21.4, 21.0. 17.6. 17.2, 16.9, 11 3 
and 11.2. 

Elemental Analysis, Calculated for C37H66N2O12 C, 60.80; H, 9.10; N, 3.83. Found: C, 60.71; H, 9.38; N, 
5 3.78. Loss on drying at 120*'C, 2.82%. 

Isomer B 

NMR (CDCI3) 6 5.20 (dd, H-13). 4.74 (d, H-1"). 4.48 (d, H-V). 4.17 (t, H-3), 4.15 (m H-5"). 4.1 1 (dd, H- 
10 11), 3.97 (m, H-8). 3.71 (d. H-5), 3.62 (m. H-5'). 3.30 (br dd. H-2'). 3.23 (s. OCH3). 2.97 (t, H.4"), 2.88 (d. 1 1- 
OH). 2.85 (p. H-10), 2.60 (m, H-3'). 2.46 (p, H.2). 2.28 (s, N(CH3)2). 2.27 (d, H-2"eq), 2.23 (d. 4"-OH). 1.98 (ddq. 
H-14a), 1.84 (dd, H-7a), 1.77 (m. H-4), 1.76 (m, H-14b), 1.66 (m, H-4'eq). 1.64 (dd. H-7b), 1.49 (dd, H-2"ax), 
1.29 (s. 6-CH3), 1.27 (d, 5"-CH3). 1.19 (d. IO-CH3), 1.19 (s. 3"-CH3). 1.14 (s. I2-CH3), 1.09 (d. 8-CH3), 1.09 
(d. 4-CH3), and 0.94 (t, CH2CH3). ^^C NMR (CDCI3) 5 174.4, 160.5, 104.6. 97.0. 86.2, 79.1, 78.6, 77 7, 77.4. 
15 75.1, 70.5. 69.4, 66.0, 64.7. 49.4, 48.2. 47.7, 47,4, 42.3, 40.4, 34.9. 29.1, 25.6, 24.0, 23.6. 22.9. 21.5. 21, o! 
15.8. 11.7. 10.7, and 9.6. 

Example 8 

20 Synthesis of 9-Deoxo-8a-aza-8a-homoerythromycin A by Sodium Borohydride Reduction of 9-Deoxo-6-de- 
oxy-6,9-epoxy-8a.9-dldehydro-8a-aza-8a-homoerythromycin A and 9-Deoxo-12-deoxy-9.12-epoxy-8a.9-^ 
dehydro-8a-aza-8a-homoerythromycin A 




Method 1 : 

55 A solution of 9-deoxo-6-deoxy-6,9-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A and 9-deoxo- 

12-deoxy-9,12-epoxy-8a.9-didehydro-8a-aza-8a homo erythromycin A (22.6 g of a 27:73 mixture. 0.031 mol) 
in methanol (50 mL) was cooled in an ice bath and stirred under a nitrogen atmosphere. Solid sodium boro- 
hydride (3.6 g, 0.093 mol) was added in portions over 3 hours. The resulting, viscous solution was allowed to 
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slowly warm to room temperature and then stirred at room temperature overnight. The solution was diluted with 
water (50 mL), acidified to pH 2 with 2N hydrochloric acid, and stinred at room temperature for 10 minutes. The 
solution was diluted with water (150 mL) and dichloromethane (200 mL) and stirred vigorously while the pH 
was brought to 6.5 by addition of 5N sodium hydroxide. The dichloromethane layer was discarded and the aqu- 
eous phase layered with fresh dichloromethane. stirred rapidly and basified to pH 9.5 with 5N sodium hydroxide. 
The layers were separated and the aqueous portion extracted with more dichloromethane (2 x 100 mL). The 
combined pH 9.5 dichloromethane extracts were dried over magnesium sulfate, filtered and evaporated under 
reduced pressure to a foam (1 5.4 g). 

The crude product was dissolved in 2-propanol (90 mL) and stinred at room temperature to give a crystalline 
precipitate. This material was collected, washed with cold 2-propanol (20 mL) and dried to afford 9-deoxo-8a- 
aza-8a-homoerythromycin A (6.0 g) as a white solid. 

The mother liquors and washings were evaporated under vacuum to a solid residue. The solid was sus- 
pended in water (50 mL). acidified to pH 2. and stirred at room temperature for 30 minutes. The mixture was 
diluted with water (50 mL) and dichloromethane (100 mL), then stin-ed vigorously while adjusting the pH to 6.5. 
The dichloromethane layer was discarded and replaced with fresh dichloromethane (1 00 mL). The mixture was 
stirred while the pH was adjusted to 9.5. The layers were separated and the aqueous phase was extracted with 
more dichloromethane (2 x 100 mL). The combined basic extracts were dried with magnesium sulfate, filtered 
and evaporated under vacuum to a foam (6.2 g). This material was dissolved in 2-propanol (30 mL) and the 
solution cooled in ice to give additional crystalline product The solid was collected and dried to afford additional 

9- deoxo-8a-aza-8a-homoerythromycin A (2.7 g). 
MP 177-180*C 

IR (CHCI3) 3540. 3340 (br). 2970. 2930. 2880. 1725. 1450. 1375. 1325, t12J5. 1105. 1085. 1065. 1045, 955. 
and 870 crrr^ 

NMR (CDCI3) 6 5.00 (d. H-1"). 4.75 (dd. H-13), 4.48 (br d. H-3), 4.34 (d. H-1'), 4.02 (dq. H-5"), 3.56 (br 
s. H-11). 3.52 (d, H-5). 3.45 (m. H-5'). 3.31 (s. OCH3), 3.16 (dd, H-2'). 3.01 (br d. H-4"). 2.78 (m. H-8). 2.69 
(dq. H-2). 2.59 dd. H-9a). 2.42 (br t. H-9b). 2.30 (d. H.2''eq). 2.26 (s. N(CH3)2). 1.91 (m. H-14a). 1.77 (br p. H- 
4). 1.61 (br d, H-4'eq). 1.55 (dd. H.2''ax). 1.44 (m. H-14b). 1.38 (m, H-7). 1.36 (s, 6-CH3). 1.29 (d. S^-CHj) 
1.21 (s. 3"-CH3). 1.20 (d 5'-CH3), 1.18 (d. 2-CH3). 1.10 (d. 8-CH3), 1.06 (s I2-CH3), 1.04 (d. 4-CH3). 0.94 (d! 

10- CH3), and 0.86 (t. CH2CH3). 

NMR {CDCI3) 6 178.6. 103.4. 94.6. 83.6. 78.1, 77.6. 76.6. 74.9. 72.8. 70.7, 68.9. 66.8. 65.7, 65.2. 49.6 
49.4. 45.5. 43.4. 40.3. 35.3. 34.7, 28.7. 27.6, 21.6. 21.3, 20.8. 18.2. 16.3. 15.1. 12.1, 11,3. and 9.5. 
FAB mass spectrum, m/z 735. 577. 559. 402. 159, 158, and 116. 



Elemental Analysis. 

Calculated for C37H7oN20l2= 

C, 60.47; 9.60; N. 3.81. 
Found: C. .59.98; H, 9.46; N. 3.62. 
Loss on drying at 120*C, 0.33%. 

Method 2 : 

A solution of 9-deoxo-6-deoxy-6.9-epoxy-8a.9-dldehydro-8a-aza-8a-homoerythromycin A and 9-deoxo- 
12-deoxy-9.12-epoxy-8a.9-didehydro-8a-aza-8a-homoerythromycin A (5.0 g of a 1:3 mixture, 6.84 mmol) In 
ethylene glycol (25 mL) was cooled In an ice bath and stirred under a slow stream of nitrogen. Sodium boro- 
hydride (0.60 g, 15.86 mmol) was added in two nearly equal portions spaced one hour apart. Following the 
borohydride addition, the reaction mixture was stirred at 0-5°C for 1 .5 hours, then wamied to room temperature 
and stirred at room temperature overnight. The reaction mixture was diluted with water (50 mL) and dichloro- 
methane (25 mL). stirred vigorously, and phases separated. The aqueous portion was extracted with more di- 
chloromethane (4 X 25 mL). The combined organic extracts were washed with brine (50 mL). dried over mag- 
nesium sulfate, filtered and evaporated under reduced pressure to foam (4.0 g). 

The crude product was dissolved in 2-propanol (20 mL) and the solution stirred at room temperature to 
give a crystalline precipitate. The product was collected and dried under a stream of nitrogen to afford 9-deoxo- 
8a-aza-8a-homoerythromycin A (2.2 g) as a white solid. 
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EXAMPLE 9 

Synthesis of 9-Deoxo-8a-aza'8a-homoerythromycin A by Catalytic Hydrogenation of 9-Deoxo-6-deoxy-6.9- 
epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A 

5 



10 



15 




A mixture of 9-deoxo-6-deoxy-6,9-epoxy-8a,9-didehydro-8a-aza-8a-homoerythromycin A (1 00 mg), acetic 
acid (4 mL) and platinum oxide (120 mg) was hydrogenated overnight at 2000 psi. The mixture was filtered 
20 through celite and the filtrate evaporated under vacuum to a residue that was partitioned between dichlorome- 
thane (12 mL) and saturated aqueous sodium bicarbonate (5 mL). The dichloromethane layer was removed 
and the aqueous layer was extracted with more dichloromethane (2x5 mL). The combined dichloromethane 
extracts were dried over anhydrous magnesium sulfate, filtered and evaporated under vacuum to a gum (60 
mg). 

25 The oil was purified by preparative thin layer chromatography (Analtech 0.1 mm x 20 x 20 cm basic alumina 

plate, developing and eluting with 5% methanol in dichloromethane) to give the title compound as a white foam 
(42 mg). 

In a manner similar to that described above, a mixture of 9-deoxo-6-deoxy-6,9-epoxy-8a,9-didehydro-8a- 
aza-8a-homoerythromycin A (400 mg) and platinum oxide (400 mg) in acetic acid (8 mL) was hydrogenated at 
30 2000 psi overnight. Workup provided a foam (372 mg) that was dissolved in 1% methanolic dichloromethane 
(2 mL) and loaded onto a column of basic alumina (1.75 x 26 cm, wet packed using 1% methanol in dichloro- 
methane). The column was eluted with 1% methanol in dichloromethane, collecting 6 mL fractions. Fractions 
27-42 were combined and evaporated under reduced pressure to afford 9-deoxo-8a-aza-8a-homoerythromycin 
A (178 mg) as a foam. 

35 

EXAMPLE 10 

Synthesis of 9-Deoxo-8a-aza-8a-methyl-8a-homoerythromycin A by Methylation of 9-Deoxo-8a-aza-8a-ho- 
moerythromycin A 

40 



45 



50 




A solution of 9-deoxo-8a-aza-8a-homoerythromycin A (7.30 g, 9.9 mmol) in chloroform (45 mL) was treated 
with 37% aqueous fomnaldehyde (0.81 mL, 1 0.8 mmol) and 98% formic acid (1 .08 mL, 28,0 mmol). The resulting 
55 mixture was heated at reflux for 25.5 hours, then cooled to room temperature, diluted with dichloromethane 
(150 mL) and water (120 mL), and stirred vigorously for a few minutes. The dichloromethane layer was dis- 
carded and fresh dichloromethane (100 mL) was added. The mixture was stirred rapidly while the pH was ad- 
justed to 9.5 by addition of 6N sodium hydroxide. The dichloromethane layer was removed and the aqueous 
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portion was re-extracted with more dichloromethane (50 mL, 25 mL). The combined dichloromethane extracts 
were dried over anhydrous magnesium sulfate, filtered and evaporated under vacuum to a foam (7.27 g). 

A solution of the foam in warm ethanol (24 mL) was diluted with water (12 mL) and stln-ed at room temper- 
ature for 5 minutes to give a precipitate. The mixture was diluted with more water (1 2 mL), stirred with ice-bath 
cooling, and then left in a refrigerator overnight. The mixture was filtered and the collected solid was rinsed 
with cold 3:1 water-ethanol (12 mL), dried under a stream of nitrogen, and finally dried under vacuum to afford 
the title compound (6.20 g) as a white solid. 
MP 187-188^0. 

IR(CHCl3) 3540. 3330 (br), 2970, 2940, 2880. 2830. 1725, 1455, 1375, 1350, 1325. 1275. 1160. 1125, 1105, 
1085. 1065. 1045. 995, 975, and 955 crrrK 

NMR (CDCI3. 55°C) 5 5.10 (d, H-l"). 4.86 (dd. H-13). 4.51 (t. H-3). 4.38 (d. H-1'). 4.04 (dq, H-5"), 3.53 (br 
s, H-1 1), 3.52 (d. H-5), 3.51 (m. 3.32 (s. OCH3). 3.23 (dd. H-2'), 3.01 (dd. H.4"). 2.99 (m, H-8), 2,81 (dq, 

H-2), 2.52 (m. H-9a). 2.40 (m. H-3'), 2.34 (s, N(CH3)2). 2.30 (m. H-9b). 2.30 (d, H-2"eq), 2.04 (s, NCH3). 1.99 
(m, H-10). 1.92 (m, H-14a). 1.88 (m, H-7a). 1.85 (m, H-4), 1.72 (br d, H-4'eq). 1.55 (dd. H-2"ax). 1.48 (m. H- 
14b). 1.37 (s, 6-CH3). 1.30 (d, 5" -CH3). 1.24 (d. 5'-CH3). 1.23 (m, H-4'ax). 1.23 (s, 3".CH3). 1.19 (d, 2-CH3), 
1.12 (m, H-7b). 1.10 (d, 4-CH3). 1.10 (s. 12-CH3). 0.96 (d, IO-CH3), 0.94 (d. 8-CH3), and 0.92 (t. CH2CH3). 

NMR (CDCI3. 55*='C) 6 178.3. 103.6 94.7. 85.5, 78.4, 77.2. 76.7. 75.9. 74.9, 73.1, 71.0, 69.1. 67.1, 65.8, 
65.4, 60.0, 56.7, 49.4, 45.8, 43.5. 40.4, 37.1, 35.1, 30.9, 29.3, 27.8, 22.1, 21.7. 21.3, 18.3. 16.4, 14.3 12 7 
12.0, 11.4, and 11.3. 

FAB mass spectrum, m/z 749, 591. 573, 158, and 116. 

Elemental Analysis. 

Calculated for C33H72N2O12' 

C, 60.94; H, 9.69; N, 3.74. 
Found C, 60.87; H, 9.39; N, 3.70. 
Loss on drying at 120'C, 0.74%. 
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EXAMPLE 11 

Synthesis of Q-Deoxo-Sa-aza-Sa-methyl-Sa-homoerythromycin A by Methylation of 9>Deoxo-8a-aza-8a-hy- 
droxy-8a-homoerythromycin A 3'-N-Oxide 



O 




1 )CH3l 

KzCOa, CH2CI2 

2)Hj. Pd/C 
EtOH 




Step 1 

9-Deoxo-8a-aza-8a-hydroxy-8a-homoerythromycin A 3^-N-Oxide 

9-Deoxo-8a-aza-8a-homoerythromycin A (385 mg, 0.524 mmol) in methanol (1 .5 mL) was treated with 30% 
aqueous hydrogen peroxide (1.9 mL, 18.6 mmol) and the mixture was stirred at room temperature for 24 hours. 
The mixture was cooled in an ice bath, diluted with dichlorpmethane (10 mL) and water (8 mL), treated with 
saturated aqueous sodium sulfite (10 mL), and then stirred for 15 minutes to destroy excess oxidant. The phas- 
es were separated and the aqueous portion extracted with more dichloromethane (2x15 mL). The combined 
organic solution was dried with magnesium sulfate, filtered, and evaporated under reduced pressure to afford 
crude 9-deoxo-8a-hydroxy-8a-aza-8a-homoerythromycin A 3'-N-oxide (349 mg) as a white solid. 

Step 2 

9-Deoxo-8a-methyl-8a-aza-8a-homoerythromycin A 

A portion of the product from step 1 (1 50 mg. 0.196 mmol) was dissolved in dichloromethane (3 mL) and 
the solution was treated with powdered, anhydrous potassium carbonate (2.0 g, 14.5 mmol) and methyl iodide 
(0.5 mL, 8.0 mmol). The mixture was stirred at room temperature under a nitrogen atmosphere for 3.5 hours. 
The mixture was filtered and the solids washed with dichloromethane (5 mL). Water (3 mL) was added to the 
combined filtrate and washings and the mixture was stinred vigorously while the pH was brought to 1 1 with IN 
sodium hydroxide. The dichloromethane phase was dried with magnesium sulfate, filtered and evaporated un- 
der reduced pressure to afford a mixture of 9-deoxo-8a-methyl-8a-homoerythromycin A 3'-N-oxide and 9-de- 
oxo-8a-methyl-8a-homoerythromycin A 8a, 3'-N-bisoxide (136 mg) as a foam. 
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The crude product was dissolved in ethanol (6 mL). treated with 10% palladium on carbon (240 mg). and 
hydrogenated on a Parr shaker for 75 minutes at 45 psi. The mixture was filtered and the filtrate was evaporated 
under vacuum. The residue in dichloromethane (20 mL) was washed with saturated aqueous potassium car- 
bonate, dried with magnesium sulfate, filtered, and evaporated under reduced pressure to provide 9-deoxo- 
5 8a-methyl-8a-homoerythromycin A (107 mg) as-a foam. 

NMR (400 MHz. CDCI3, at SO^'C) 6 5.^0 ( d, H-l"). 4.82 (dd, H.13), 4.61 (q, H-5"), 4.48 (q. H-3), 4.41 (d, 
H-1'). 3.30 (s, OCH3), 3.16 (dd, H-2'), 2.27 (s, N(CH3)2), 2.01 (s. NCH3). 

EXAMPLE 12 

10 

Synthesis of 9-Deoxo-8a-aza-8a-ethyl-8a-homoefythromycin A 




9-Deoxo-8a-aza-8a-homoerythromycin A (1.5grams,2.4mmol) and acetaldehyde (2mL, 35.8mmol) were 

25 dissolved in a mixture of water (1.5mL) and ethanoi (12mL), and the solution was hydrogenated for 48 hours 
at atmospheric pressure in the presence of 20% Palladium hydroxide on carbon (0.5g). The catalyst was filtered, 
and the filtrate was partitioned between water (lOOmL) and methylene chloride (lOOmL). The methylene chlor- 
ide was removed and the aqueous layer was re-extracted with methylene chloride (50mL). The combined me- 
thylene chloride extracts were added to water (lOOmL) and the pH of the rapidly stirred mixture was adjusted 

30 to 5 with 2N hydrochloric acid. The methylene chloride was rennoved and more methylene chloride (lOOmL) 
was added. The pH of the mixture was adjusted to 6 with 5N sodium hydroxide, the methylene chloride layer 
was removed and more methylene chloride was added. The pH of the mixture was adjusted to 8.5 with 5N so- 
dium hydroxide and the methylene chloride layer was removed. The aqueous layer was re-extracted with me- 
thylene chloride (50mL) and the combined pH 8.5 extracts were dried with anhydrous magnesium sulfate, were 

35 filtered and evaporated under vacuum to a light yellow foam (0.97g). 

0.5 grams of the above foam was dissolved in 120:10:1 methylene chloride/methanol/conc. ammonium hy- 
droxide and was loaded onto a column of silica gel 60 (2.5 x 26cm, 230-400 mesh, wet packed with 120:10:1 
methylene chloride/methanol/conc. ammonium hydroxide). The column was eluted with 120:10:1 methylene 
chloride/methanol/conc. ammonium hydroxide and 6mL fractions were collected. Fractions 33-48 were com- 

40 bined and evaporated to a foam (0.23g). 

The foam was dissolved in warm ethanol (10mL) and the solution was evaporated to approximately 3mL 
Water (1mL) was added and the turbid solution was stirred for 2 hours in an Ice bath. The precipitated solid 
was filtered, was rinsed with cold 1 : 1 ethanol/ water (2mL) and dried under vacuum to afford the title compound 
(130mg). 

45 MP 1 93.5-1 94.5''C. 

IR (CHCI3) 3420, 2970, 2940, 2880. 2820, 1725. 1455, 1400, 1372, 1345, 1 165, 1 120, 1 105. 1085. 1045, 1010, 
955cm-\ 

1H NMR (CDCI3) 6(ppm) 4,98 (m. H-l" + H-13). 4.38 (d, H-l'), 4.05 (br dq. H-5"). 3.27 (s, OCH3), 2.27 (s. 
N(CH3)2). 0.88 (t, CH2CH3). 
50 FAB mass spectrum, m/z 763, 749. 634. 605. 430, 159. 158 and 116. 
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Elemental Analys i s . 
Calculated for C39H74O22N2; 

C, 61.39;- H, 9.78; 3.67. 

Found : 

C, 61.22; H, 9.69; N. 3.42. 
(Loss on drying at 120*C. 0.607o) 

10 

EXAMPLE 13 

Synthesis of 8a-(3-phenylpropyO-8a-a2a-9-deoxo-8a-homoerythromycin A by reductive alkylation of 8a-aza- 
9-deoxo-8a-homoerythromycin A: 

15 



20 



25 




Palladium catalyst (50 mg of 10% Pd/C) was added to a solution of 8a-a2a-9-deoxo-8a-homoerythromycin 
A (250 mg, 0.34 mmol) in 2 mL of hydrocinnamaldehyde. The reaction vessel was evacuated and filled with 
nitrogen (2X) then evacuated and filled with hydrogen (4X). The resulting mixture was stirred under one atmos- 

30 phere of hydrogen (balloon) at room temperature for 6 days (hydrogen balloon was refilled as needed). The 
reaction mixture, which had become very viscous and was no longer stirring, was diluted with ethyl acetate (10 
mL) and centrifuged. The supernatant was decanted and the solid residue was washed with ethyl acetate (2 x 
4 mL). The combined supernatants were extracted with 0.5 N aqueous HCI (10 mL). The organic layer was 
discarded. The pH of the aqueous layer was adjusted to ca. pH 1 0 by addition of 5 N NaOH then the aqueous 

35 layer was extracted with ethyl acetate (3x10 mL). The combined extracts were dried over magnesium sulfate, 
filtered, and evaporated under vacuum to a colorless oil (174 mg). The crude product was purified by flash chro- 
matography on silica gel (3.0 x 30 cm column eluted with 92 : 6.5 : 1.5 chloroform : methanol : saturated me- 
thanolic ammonia, collecting 50 mL fractions). Analytical TLC of the fractions indicated that fractions 38-47 con- 
tained the desired product (Rf 0.33). These fractions were combined and evaporated under vacuum to afford 

40 impure 8a-(3-phenylpropyl)-8a-aza-9-deoxo-8a-homoerythromycin A as a colorless oil (68 mg, approximately 
85% pure by NMR). This material was further purified by flash chromatography on silica gel (2.0 x 27 cm 
column eluted with 60 : 40 : 1,5 ethyl acetate : methanol : saturated methanolic ammonia, collecting 10 mL frac- 
tions). Analytical TLC of the fractions indicated that fractions 15-17 contained the desired product (Rf 0.31). 
These fractions were combined and evaporated under vacuum to afford pure 8a-(3- phenyl propyl)-8a-aza- 9- 

45 deoxo-8a-homoerythromycin A as a white foam (1 1 mg). 

iH NMR (400 MHz. CDCI3. 53°C) 5 7,27-7.20 (3H. m. Ar-H). 7.18-7.10 (2H, m, Ar-H). 3.28 (3H. s, OCH3). 
2.27 (6H, s, N(CH3)i). 
FAB-MS m/z 854 (M+H). 

50 
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EXAMPLE 14 

9-Deoxo-8a-aza-8a-allyl-8a-homoerythromycin A 



10 




15 - - 

A mixture of 9-deoxo-8a-aza-8a-homoerythromycin A (5.0 g. 6.8 mmol), allyl acetate (35 mL), triethylamine 
(2.5 mL) and tetrakis(triphenyphosphine)palladmm(0) (0.23 g) was stirred and heated in an oil bath at 80*^0 for 
7 hours. After stirring at room temperature overnight, the mixture was evaporated under vacuum to remove ex- 

20 cess ally! acetate. The residue was stirred with dichloromethane (50 mL) and water (50 mL) while the pH was 
adjusted from 5.6 to 4.0 with 2N hydrochloric acid. The layers were separated and the organic portion was ex- 
tracted with more water (15 mL). The combined aqueous solution was layered with dichloromethane and stinred 
while the pJH was brought to 9.4 by addition of 5N aqueous sodium hydroxide solution. The layers were sepa- 
rated and the aqueous portion was extracted with additional dichloromethane (50 mL, 25 mL). The combined 

25 dichloromethane extracts were dried over magnesium sulfate, filtered and evaporated under vacuum to a foam 
(4.85 g). 

A solution of the foam in 2-propanol (40 mL) deposited crystals on stirring at room temperature. The crys- 
talline product was collected, washed with 2-propanol (3x4 mL) and dried under a nitrogen stream to afford 
9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A (1.8 g ) as a white solid. The mother liquors and washings 
30 were evaporated under vacuum and the residue stin-ed with ethanol (12 mL) to afford a second crop (1.5 g ) 
of the title compound. 

1H NMR (CDCI3) 6 5.90 (m, CH=CH2), 5.13 (d, CH=CHaHb), 5.03 (m, CH=CHaHb and H-l"), 4.92 (m, H-13). 
4.36 (m, H-3), 4.35 (d, H-l'), 4.03 (m, H-5''). 3.62 (br s, H-11). 3.50 (m, H-5 and H-5'). 3.27 (s, OCH3), 3.24 
(m, H-2'). 2.26 (s, N(CH3)2). 1.87 (m. H-14a). 1.65 (m, H-4'eq), 1.53 (dd, H-2''ax), 1.44 (m, H-14b). 1.29 (br s, 
35 6-CH3), 0.87 (t, CH2CH3). 

FAB-MS m/z 798 (M + Na). 776 (M + H), 61 8, 600, 159. 

EXAMPLE 15 

40 Synthesis of 9-Deoxo-8a-aza-8a-(prop-1-yj)-8a-homoerythromycin A and 9-Deoxo-8a-aza-8a-homoerythro- 
mycln A 



45 



50 




55 9-Deoxo-8a-a2a-8a-(prop-2-en-1-yl)-8a-homoerythromycin A (120mg, 0.1 55mmol) was dissolved in etha- 

nol (2mL) and was hydrogenated at atmospheric pressure for 3 hours in the presence of 10% Palladium on 
carbon (40 mg). The mixture was filtered through solka-floc and the filtrate was evaporated to a foam. 

The above foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and 
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was loaded onto a column of silica gel 60 (2.5 x 25.5cnn, 230-400 mesh, wet packed with 90:10:1 methylene 
chloride/methanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide and 8mL fractions were collected. Fractions 12-15 were combined and 
evaporated to provide the title compound as a foam (49 mg). Fractions 23-32 were combined and evaporated 
5 to provide 9-Deoxo-8a-aza-8a-homoerythromycin A as a foam (50mg). 

IR(CHCl3) 3400. 2950. 2935. 2875. 2830/1725. 1455, 1395, 1370, 1345, 1325, 1280. 1 165. 1 100, 1085. 1045, 
1010, 995. 975. 950cm-i 

NMR (60^C CDCI3) 6(ppm) 5.0 (brd. H-1") 4.95 (brdd. H-13), 4.38 (d. H-1 '), 3.25 (s, OCH3). 2.30 (s, N(CH3)2), 
0.85 (t, CH2CH3) 

10 13C NMR {CDCI3) 6 (ppm) 177.8, 104.5. 95.9. 78.1, 77.0, 75.6. 74.6. 73.0. 70.7, 69.2, 65.8, 65.4, 59.2. 49.4, 
46.7, 42.6. 40.5. 35.1. 32.6, 29.8. 26.4, 22.2. 21.6, 21.1. 18.0, 16.3. 14.9, 14.7. 12.8. 12.1, 11.8. 11.3 
FAB mass spectrum, m/z 777.8, 761.8. 648.9, 619.6, 601.7, 462.5, 444.5. 430.4, 158.3, 

EXAMPLE 16 

15 

Synthesis of 9-Deoxo-8a-aza-8a-(prop-1-yloxy)-8a-homoerythromycin A 




30 3-chloroperoxybenzoic acid (O.lg. 0.58mmol) was added to a mixture of 9-Deoxo-8a-aza-8a-(prop-2-en- 

yl)-8a-homoerythromycin A (0.2g, 0.26mmol) and sodium bicarbonate (0.065g, 0.78mmol) in chloroform (2mL). 
The suspension was heated at 50*C for 20 hours, with a second addition of 3-chloroperoxybenzoic acid (0.05g. 
0.29mmol) after 5 minutes. The mixture was cooled to room temperature and was partitioned between water 
(4mL) and methylene chloride (4mL). The methylene chloride was removed and the aqueous layer was re-ex- 

35 tracted with more methylene chloride (4mL). The combined extracts were dried with magnesium sulfate, were 
filtered, and evaporated to a foam (0.2 1g). 

The above foam was dissolved in a mixture of ethanol (3mL) and water (ImL). containing sodium bicar- 
bonate (O.lg, 1.19mmol). and was hydrogenated at atmospheric pressure for 105 minutes in the presence of 
20% palladium hydroxide on carbon (40mg). The suspension was filtered through solka-floc and the filtrate was 

40 evaporated to an oil. Methylene chloride (4mL) and water (4mL) were added and the pH was adjusted to 10 
with dilute sodium hydroxide. The methylene chloride was removed and the aqueous layer was re-extracted 
with more methylene chloride (4mL). The combined extracts were dried with magnesium sulfate, were filtered 
and evaporated to a foam (0.1 7g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 

45 ed onto a column of silica gel 60 (2.5 x 1 8.5cm, 230-400 mesh, wet packed with 90: 10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/methanol/conc. 
ammonium hydroxide and 4mL fractions were collected. Fractions 10-12 were combined and evaporated to 
give 9-Deoxo-8a-aza-8a-(prop-1-yloxy)-8a-homoerythromycin A as a foam (0.026g). 

IR(CHCl3) 3420. 2970. 2940, 2880. 1725. 1455. 1420. 1400. 1375. 1345. 1280, 1260. 1240. 1 165. 1 120. 1105, 
50 1085. 1045. 1030. 1005cm-i 

iH NMR (CDCI3) 6{ppm) 5.00 (brd. H-1"), 4.80 (brdd. H-13). 4.35 (brd. H-1'). 3.26 (br s. OCH3), 2.30 (br s, 
N(CH3)2), 0.88 (t. CH2CH3) 

FAB mass spectrum, m/z 793.8. 617.6. 575.7. 478.5. 460.7. 415.4. 360.4. 286.3, 258.3. 240.3, 172.3. 158.4 

55 
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EXAMPLE 17 

Synthesis of 9-Deoxo-8a'a2a-8a-(2-oxoeth-1-yt)-8a'homoerythromycin A 

5 



10 




15 

d1-10-Camphorsulfontc acid (1.26g. 5.4mmol) was added to a solution of 9-Deoxo-8a-aza-8a-(prop-2-en- 
1-yl)-8a-homoerythromycin A (2g, 2.6mmol) in methanol (20mL). The mixture was cooled in a dry ice/ acetone 
bath, and ozone was bubbled through the solution for 15 minutes, (8 minutes after first observing the appear- 
ance of a light blue color.) The solution was bubbled with oxygen for 5 minutes, to remove excess ozone, and 

20 dimethyl sulfide (3.2mU 43.6mmol) and pyridine (5mL, 61 ,8mmol) were added. After wanning to room temper- 
ature, the solution was stirred for 2 hours and was then added to a rapidly stirred mixture of water (60mL) and 
methylene chloride (40mL). The ph was adjusted from 5.4 to 10.5 with dilute sodium hydroxide. The methylene 
chloride was removed and the aqueous layer was re-extracted with more methylene chloride (4mL). The com- 
bined extracts were dried with magnesium sulfate, were filtered and evaporated to an oil. The oil was twice 

25 dissolved in toluene (40mL) and was evaporated to a foam. 

The foam was dissolved in isopropyl alcohol (2mL) and was stored at room temperature for 1 8 hours. The 
precipitate was filtered, was rinsed with isopropyl alcohol (2mL) and was dried under a stream of nitrogen to 
give the title compound as a white crystalline solid (1.25g). 
MPDec.>125*»C 

30 IR (CHCI3) 3400, 2965, 2935, 2875, 2830, 2790, 1 720, 1 455, 1 395. 1 375. 1 355, 1 345. 1 330. 1 290. 1 275. 1 1 80. 
1160. 1120. 1100, 1085, 1065, 1045. 1010. 995. 975. 955cm-^ 

iH NMR (60-^0 CDCI3) 5(ppm) 9.7 (d. CHO). 5.10 (d. H-V). 4.90 (dd. H-13). 4,65 (br d. H-V), 3,27 (s, OCH3), 
2.27 (s, N(CH3)2), 0.86 (t, CH2CH3) 

FAB mass spectrum Li spike, m/z 810.1. 784.2, 747.9. 736.0, 619.6, 589.9, 571.9 

35 

EXAMPLE 18 

Synthesis of 9-Deoxo-8a-aza-8a-(2-hydroxyeth-1-yl)-8a-homoerythromycin A 

40 



45 




50 

Sodium borohydride (0.012g, 0.31mmol) was added to an ice cooled suspension of 9-Deoxo-8a-aza-8a- 
(2-oxoeth-1-yl)-8a-homoerythromycin A (0.2g, 0.26mmol) in methanol (ImL). The solid rapidly dissolved and 
the solution was allowed to warm to room temperature after 1 hour. Dilute hydrochloric acid was added until 
the apparent pH was 2.35. After 3 minutes, water (5mL) and methylene chloride (8mL) were added and the pH 
55 was adjusted to 11 with 5N sodium hydroxide. The methylene chloride was removed and the aqueous layer 
was re-extracted with more methylene chloride (4mL). The combined extracts were dried with magnesium sul- 
fate, were filtered and evaporated to a foam (0.2g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 
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ed onto a column of silica gel 60 (2.5 x 36cm, 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/methanol/conc. 
ammonium hydroxide and 3mL fractions were collected. Fractions 29-44 were combined and evaporated to 
give the title compound as a foam (0.1 5g). 
5 IR (CHCI3) 3400, 2970, 2935, 2880, 2830. 2790. 1 722, 1 455, 1 400, 1 370. 1 355. 1 345. 1 280, 1 260. 1 240. 1160, 
1105. 1085, 1070, 1045, 1010. 995. 975, 955cm-i 

iH NMR (eO^'C CDCI3) 6(ppm) 4.99 (dd. H-13). 4.92 (d. H-1"), 4.42 (d, H-l'). 3.24 (s, OCH3). 2.33 (s, N(CH3)2) 
0.85 (t. CH2CH3) 

NMR (eO^'C CDCI3) 5(ppm) 177.0, 104.4, 96,9, 87.9, 78.5. 77.8. 77.2, 75.5, 75.0, 72.8, 70.5. 69,4, 66.0, 
10 64.9. 61.1, 58.1, 58.0, 54.9, 54.2. 54.1. 49.3, 46.9, 42.9(2), 42.2, 40.5, 35.0, 33.6, 30,0, 25.1, 22.0, 21.4 20 9 
17.7,16.2,15.2.14.0.13.1,11.9.11.1 

FAB mass spectrum, m/z 780.4, 748,1, 604.1, 446.5, 159.0, 157.9 
EXAMPLE 19 

15 

Synthesis of 9-Deoxo-8a-aza-8a-((2,3-epoxy)prop-1-yl)-8a-homoerythromycin A (isomer A) and 9-Deoxo- 
8a-aza-8a-((2.3-epoxy)prop-1-yl)-8a-homoerythromycin A (isomer B) 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yl)-8a-homoerythromycin A (O.lg. 0,128mmol) was dissolved in anhy- 
drous tetrahydrofuran (ImL), was cooled in an Ice bath and was treated with a large excess of diazomethane 
in diethyl ether (1.5mL). After 48 hours the solution was added to a rapidly stirred mixture of water (6mL) and 

45 methylene chloride (6mL). The ph was adjusted to 6 with dilute hydrochloric acid and the methylene chloride 
was removed and the aqueous layer was washed with more methylene chloride (4mL). Methylene chloride 
(6mL) was added to the aqueous layer and the pH was adjusted to 10 with dilute sodium hydroxide. The me- 
thylene chloride was removed and the aqueous layer was re-extracted with more methylene chloride (4mL). 
The combined extracts were dried with magnesium sulfate, were filtered and evaporated to an oil (0.082g). 

50 The oil was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was loaded 

onto a column of silica gel 60 (2.5 x 30cm. 230-400 mesh, wet packed with 90:10:1 methylene chloride/metha- 
nol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/methanol/conc. am- 
monium hydroxide and 3mL fractions were collected. Fractions 34-37 were combined and evaporated to give 
isomer A as a foam (0.01 2g). Fractions 43-48 were combined and evaporated to give isomer B as a foam 

55 (0.01 9g). . 
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Data for isomer A 

IR (CHCI3) 3400, 2965. 2935, 2875, 2830. 2790. 1 725, 1 455. 1 375, 1 355, 1 345, 1 1 60. 1 1 05, 1 085, 1 065, 1 045. 
1010, 995, 975, 950cnfri 

NMR (60°C CDCI3) 5(ppm) 5.05 (d, H-r), 4.93 (dd, H-13). 4.36 (d. H-l'), 3.28 (s, OCH3). 2.30 (s, N(CH3)2) 
0.88 (t, CH2CH3) 

FAB mass spectrum Li spike, m/z 792.4, 776.5, 634.7. 615.9, 158.0 
Data for isomer B 

IR (CHCI3) 3400. 2965. 2935. 2875. 2830. 2790. 1 722, 1 455, 1 395. 1 375. 1 355. 1 345. 1 325. 1 295, 1 275, 1 1 60, 
1105. 1085. 1065. 1045. 1010, 995. 975. 950cm-i 

1H NMR (60''C CDCI3) 6(ppm) 5.01 (d. H-l"). 4.90 (dd, H-13). 4.34 (d, H-V). 3.29 (s, OCH3). 2.31 (s, N(CH3)2), 
0.89 (t, CH2CH3) 

FAB mass spectrum Li spike, m/z 792.3. 748.2. 736.2, 633.6, 615.8, 572.1, 458.5, 157.9 
EXAMPLE 20 

Synthesis of 9-Deoxo-8a-aza-8a-(1 1-azetidinyl)-2-eth1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yi)-8a-homoerythromycin A (0.1g. 0.129mmol) was added to a methanol 
(1 mL) solution of azetidine (0.01 8mL, 0.26mmol). Sodium cyanoborohydride (0.02g. 0.32mmol) was added and 
the pH of the solution was adjusted to 6 with acetic acid. After 27 hours the pH was adjusted to 2.5 with 2N 
hydrochloric acid. After 5 minutes, water (6mL) and 5% methanol in methylene chloride (6mL) were added. The 
pH of the mixture was adjusted to 10 and the methylene chloride layer was removed and the aqueous layer 
was re-extracted with 5% methanol in methylene chloride (6mL). The methylene chloride extracts were dried 
with anhydrous magnesium sulfate, were filtered and evaporated to a foam (0.1 *1g). 

The foam was dissolved in 90:10:1 methylene chloride/methanoi/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 18cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/methanoi/concentrated amnrranium hydroxide). The column waseluted with 90:10:1 methylene chloride/me- 
thanoi/concentrated ammonium hydroxide and 8mL fractions were collected. Fractions 23-28 were combined 
and evaporated to give the title compound as a foam (0.070g). 

IR (CHOa) 3440, 2965. 2935. 2875. 2835, 1725. 1455, 1400. 1370. 1355. 1345, 1320. 1275. 1240. 1176. 1 165, 
1120. 1100, 1080, 1060. 1045. 1010. 950. 895cm-i 

NMR (CDCI3) 6(ppm) 5.07 (dd. H-13), 5.0 (d. H-l"). 4.50 (d. H-V), 3.32 (s, OCH3). 2.29 (s. N(Me)2). 0.85 (t. 
H-15) 

FAB mass spectrum m/z 818. 747. 735. 660. 589. 577. 485. 158 
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EXAMPLE 21 

Synthesis of 9-Deoxo-8a-aza-8a-((1-pyrrolidinyl)-2-eth-1-yl)-8a-homoerythromycin A 



10 



15 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yl)-8a-homoefythromycin A (0.1g, 0.129mmol) was added to a methanol 

(1mL) solution of pyrrolidine (0.022mU 0.26mmol). Sodium cyanoborohydride (0.02g, 0.32mmol) was added 

and the pH of the solution was adjusted to 5,5 with acetic acid. After 18 hours the mixture was added to water 
20 (6mL) and 5% methanol in methylene chloride (6mL). The pH was adjusted to 10 and the methylene chloride 

layer was removed and the aqueous layer was re-extracted with 5% methanol in methylene chloride (6mL). 

The methylene chloride extracts were combined, were filtered and evaporated to a foam (0.1 2g). 

The foam was dissolved in 90:10:1 methylene chlorlde/methanol/concentrated ammonium hydroxide and 

was loaded onto a column of silica gel 60 (2.5 x 30cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
25 ide/methanol/concentrated amnrionium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 

thanol/concentrated ammonium hydroxide and 8mL fractions were collected. Fractions 37-51 were combined 

and evaporated to give the title compound as a foam (0.095g). 

!R(CHCl3) 3430, 2965, 2935, 2875, 2830, 1725, 1455, 1400, 1375, 1355, 1345, 1325, 1275, 1240, 1165, 1120, 
1105, 1085, 1060, 1045, 1010, 995, 975, 950, 890cm-i 
30 1H NMR (CDCI3) 6(ppm) 4.99 (d, H-1"), 4.98 (dd, H-13). 4.45 (d, H-l'). 3.29 (s, OCH3). 2.27 (s, N(Me)2), 0.84 
(t, H.15) 

NMR (60*^0 CDCI3) 6(ppm) 177.0, 103.4. 95.9, 84.4, 78.3, 77.9, 75.0, 74.3, 72.8, 70.8, 69.2, 68.0, 65,8, 
65.4, 57.3, 56.5, 54.1, 49.3, 45.9, 43.1, 40.3, 35.0, 33.7, 29.3, 25.3, 23,2, 21.6, 21.5. 21.0. 17.9, 16.4, 14.8, 
14.3. 12.4, 10.9, 9.78 
35 FAB mass spectrum m/z 833.5, 748.4. 675.0. 590,3, 159.0, 158.0 

EXAMPLE 22 



Synthesis of 9-Deoxo-8a-aza-8a-((N-piperidinyl)-2-eth-1-yl)-8a-homoerythromycin A 

40 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yi)-8a-homoerythromycin A (O.lg, 0.129mmol) was added to a methanol 
(ImL) solution of piperidine (0.015mL, 0.15mmol). Sodium cyanoborohydride (0.03g, 0.48mmol) was added 
and the pH of the solution was adjusted to 5.5 with acetic acid. After 18 hours the mixture was added to water 
55 (6mL) and 5% methanol In methylene chloride (6mL). The pH was adjusted to 10 and the methylene chloride 
layer was removed and the aqueous layer was re-extracted with 5% methanol in methylene chloride (6mL). 
The methylene chloride extracts were combined, were filtered and evaporated to a foam (0.1 2g). 

The foam was dissolved in 90:10:1 methylene chloride/ methanol/ concentrated ammonium hydroxide and 
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was loaded onto a column of silica gel 60 (2.5 x 15cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 
thanol/concentrated ammonium hydroxide and 8mL fractions were collected. Fractions 15-21 were combined 
and evaporated to give the title compound as a foam (0.05g). 

IR(CHa3) 3430, 2970. 2935. 2875, 2830. 2890.1725. 1455, 1400, 1370, 1350, 1325. 1275, 1160, 1120. 1100. 
1085, 1060, 1045, 1010, 995. 950, 890cm-i 

NMR (CDCI3) 6(ppm) 5.01 (d, H-V), 5.00 (dd, H-13). 4.48 (d, H-l'), 3.32 (s, OCH3). 2.29 (s. N(Me)o) 0 86 
(t, H-15) 

FAB mass spectrum m/z 847.5, 748.2 



EXAMPLE 23 



Synthesis of 9-Deoxo-8a-aza-8a-((4-morpholinyl)-2-eth-1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yl)-8a-homoerythromycin A (O.lg. 0.13mmol) was added to a methanol 
(ImL) solution of morpholine (0.022mU 0.26mmol). Sodium cyanoborohydride (0.02g. 0.32mmol) was added 
and the pH of the solution was adjusted to 6.0 with acetic acid. After 24 hours the mixture was added to water 
(6mL) and methylene chloride (6mL). The pH was adjusted to 11 and the methylene chloride layer was removed 
and the aqueous layer was re-extracted with methylene chloride (6mL). The methylene chloride extracts were 
dried with magnesium sulfate, were filtered and evaporated to a foam. 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 18.5cm. 230-400 mesh, wet packed with 90:10:1 methylene 
chloride/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide and 6mL fractions were collected. Fractions 13-19 were com- 
bined and evaporated to give the title compound as a foam (0.05g). 

IR (CHCI3) 3430. 2965. 2935. 2875. 2830. 2890. 1725. 1455, 1400. 1370. 1355. 1325. 1305. 1275. 1240. 1 160, 
1135. 1105. 1085, 1065, 1045, 1010. 995. 950. 890cm-i 

iH NMR (CDCI3) 6(ppm) 5.02 (d. H-13), 4.98 (dd. H-l"). 4.48 (d. H-V), 3.31 (s. OCH3). 2.34 (s, N(Me)2). 0.87 
(t. H-15) 

FAB mass spectrum m/z 849.8. 748.4. 691.2. 590.3 
EXAMPLE 24 

Synthesis of 9-Deoxo-8a-aza-8a-((2-fluoroeth-1-yl)-2-aminoeth-1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(2-oxoeth-1-yl)-8a-homoerythromycin A (O.lg. 0.13mmol) was added to a methanol 
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(1mL) solution of 2-f!uoroethyl amine hydrochloride (0.038mg, 0.38mnnol). Sodium cyanoborohydride (0.02g, 
0.32mmol) was added and the pH of the solution was adjusted to 5.5 with acetic acid. After 24 hours the mixture 
was added to water (6mL) and methylene chloride (6mL). The pH was adjusted to 1 1 and the methylene chloride 
layer was removed and the aqueous layer was re-extracted with methylene chloride (6mL). The methylene 

5 chloride extracts were dried with magnesium sulfate, were filtered and evaporated to a foam. 

The foam was dissolved in 90:10:1 methylene chloride/methahol/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 30cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 
thanol/concentrated ammonium hydroxide and 6mL fractions were collected. Fractions 40-49 were combined 

10 and evaporated to give the title compound as a foam (0.02g). 

IR(CHCl3) 3430,2965, 2935. 2875. 2830. 2890. 1725, 1455, 1400, 1370, 1350. 1345. 1325. 1275, 1240. 1160. 
1135. 1105. 1080. 1065, 1045, 1030. 1010, 995. 975. 950, 890cm-i 

NMR (CDCI3) 8(ppm) 5.02 (d, H-13), 4,99 (dd. H-1"), 4.48 (d. H-V). 3.31 (s. OCH3). 2.33 (s, N(Me)2), 0.88 
(t, H-15) 

15 FAB mass spectrum m/z 825.7, 748.3. 648.6, 590,2, 492,0, 159.0, 157.9 
EXAMPLE 25 

Synthesis of 8a-(2-chloroallyl)-8a-aza-9-deoxo-8a-homoerythromycin A by palladium catalyzed allylation of 
20 8a-aza-9-deoxo-8a-homoerythromycin A: 



25 




Tetrakis(triphenylphosphine)palladium(0) (98 mg, 0.085 mmol) was added to a solution of triethylamine 
(0.14 mL. 1.0 mmol), 2-chloroallyl acetate (0.29 mL. 2.4 mmol). and 8a-aza-9-deoxo-8a-homoerythromycin A 
(250 mg, 0.34 mmol) in 1 mL of toluene. The resulting mixture was stirred at 95°C for 18 hours. The mixture 

35 was cooled to room temperature then diluted with ethyl acetate (3 mL) and filtered. The filtrate was extracted 
with 0.5 N aqueous HCI (3 mL). The organic layer was discarded. The aqueous layer was washed with ethyl 
acetate (2 mL) (organic layer discarded) then the pH of the aqueous layer was adjusted to ca. pH 10 by addition 
of 5 N NaOH. The aqueous layer was then extracted with ethyi acetate (3x3 mL). The combined extracts were 
dried over magnesium sulfate, filtered, and evaporated under vacuum to a an oil which was purified by flash 

40 chromatography on silica gel (3.0 x 20 cm column eluted with 93:5.5:1.5 chlorofonm: methanol: saturated me- 
thanolic ammonia, collecting 25 mL fractions). Analytical TLC of the fractions indicated that fractions 14-30 con- 
tained the desired product (Rf 0.31). These fractions were combined and evaporated under vacuum to afford 
8a-(2-chloroallyl)-8a-aza-9-deoxo-8a-homoerythromycin A as an oil (94 mg, 34% yield). An additional higher 
Rf product (Rf 0.44) was obtained by combining and evaporating fractions 6-8 to afford an oil (61 mg. 21 % yield) 

45 which was Identified as 2'-0-acetyf-8a-(2-chloroallyl)-8a-aza-9-deoxo-8a-homoerythromycin A. 

NMR (400 MHz, CDCI3, 53<»C) 6 5.46 & 5.26 (2 x 1 H, 2 br s, C=CH2), 3.44 & 3.12 (2 x 1 H. 2 d, J = 15 Hz, 
allylic CH2), 3.28 (3H. s, OCH3), 2.30 (6H, s, N(CH3)2). 



50 
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EXAMPLE 26 



Synthesis of 8a-(2-fluQroallyl)-8a-aza-9-deoxo-8a-homoerythromycin A by palladium catalyzed allylation of 
8a- aza-9-d eoxo-8 a- hom oeryth romyci n A: 




OAc 



CPh3P)4Pd toluene 




Substitution of 2-fluon3allyl acetate for 2-chloroallyl acetate in the procedure described above for the prep- 
aration of 8a-(2-chloroallyl)-8a-aza-9-deoxo-8a-homoerythromycin A affords 8a-(2-fluoroalyl)-8a-aza-9-de- 
oxo-8a-homoerythromycin A. 



EXAMPLE 27 



Synthesis of 8a-(4-(tetra-0-acety<-p-D-glucopyranosloxy-but-2-enyl-))-9-deoxo-8a-aza-8a-homoerythromy- 
cin A by palladium catalyzed allylation of 8a-aza-9-deoxo-8a-homoerythromycin A. 



I 



Ote 




Tetrakis(triphenylphosphine)palladium(0) (79 mg, 0.068 mmol) was added to a solution of triethyl amine 
(0.57 mL, 0.41 mmol), p-(4-acetoxy-but-2-enyl-)-tetra-0-acetyl-glucopyranoside (323 mg, 0.7 mmol), and 8a- 
aza-9-deoxo-8a-homoerythromycin A (101 mg, 0.14 mmol) in 0.5 mL of toluene. The resulting mixture was stir- 
red at 80°C for 5 hours. The mixture was cooled to room temperature then diluted with ethyl acetate (2 mL) 
and filtered. The filtrate was evaporated under vacuum to a an oil which was purified by flash chromatography 
on silica gel (4.0 x 24 cm column eluted with 97:3:1.5 chlorofomri:methanoJ: saturated methanolic ammonia, 
collecting 30 mL fractions). Analytical TLC of the fractions indicated that fractions 61-99 contained the desired 
product (Rf 0.26). These fractions were combined and evaporated under vacuum to afford impure 8a-(4-(tetra- 
0-acetyl-p-D-glucopyranosloxy-but-2-enyl-))-9-deoxo-8a-aza-8a-homoerythromycin A (53 mg). This material 
was further purified by flash chromatography on silica gel (1 .0 x 1 8 cm column eluted witii 60:40:3 acetone:hex- 
ane:saturated methanolic ammonia, collecting 5 mL fractions). Fractions 10-1 6 were combined and evaporated 
under vacuum to afford 8a-(4-(tetra-0-acetyl-p-D-glucopyranosloxy-but-2-enyl-))-9-deoxo-8a-aza-8a-homo- 
erythromycin A (R^ 0.30. 31 mg, 19% yield). 

1H NMR (400 MHz, CD3OD, 53*>C): 6 5.86 (1 H, dt, J = 15. 7 Hz, C=CH). 5.66 (1 H. dt, J = 15, 6 Hz. HC=C), 
4.69 (1 H. d, J = 8 Hz, HI"'). 3.32 (3 H. s. OCH3), 2.31 (6 H. br s. N(CH3)2). 2.05 & 2.01 & 1.99 & 1.95 (4x3 
H, 4 s, 4 X OAc). 

NMR (100 MHz, CD3OD) 6 179.7. 172.2. 171.7. 171.3, 171.0, 134.8, 128.5, 104.6. 101.2, 96.5. 
FAB-MS: m/z 1 136 (M + H). 
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EXAMPLE 27 conrd. 

Synthesis of p-(4-acetoxy-but-2-enyl-)-tetra>0-acetyl-glucopyranoside by condensation of 1.4-butene-diol 
and acetobromoglucose followed by acetylatlon. 



OAc 




2) ACjO/pyridine 



But-2-ene-1,4-diol (2.0 mL. 24.3 mmol) was added to a cooled (ice bath) solution of acetobromo-a-D-glu- 
cose (2.0 g. 4.9 mmol) in 10 mL of dry acetonitrile. A solution of stiver trifluoromethanesulfonate (1,6 g, 6.3 
mmol) in 2 mL of dry acetonitrile was then added dropwise. The resulting solution was stirred at 0**C in the dark 
for 4 hours. The reaction mixture was diluted with ethyl acetate and filtered through Celite and the filtrate was 
washed with 5% aqueous HaHCOa saturated with NaCI. The aqueous layer was back-extracted with ethyl acet- 
ate and the combined organic layers were dried over magnesium sulfate, filtered, and evaporated under va- 
cuum. The residue (5.0 g) was dissolved in 3.9 mL of pyridine and cooled (ice bath) as acetic anhydride (4.6 
mL) was added dropwise. The resulting solution was stirred at O^C for 4 hours then partitioned between ethyl 
acetate and aqueous K2CO3 (additional K2CO3 was added as necessary to adjust the PH to 10). The aqueous 
layer was extracted with ethyl acetate and the combined organic extracts were dried over magnesium sulfate, 
filtered, and evaporated. The crude porduct was purified by flash chromatography on silica gel (7.0 x 26 cm 
column eluted with 3 : 1 hexane : acetone, collecting 50 mL fractions). Fractions 74-100 were combined and 
evaporated under vacuum to afford p-(4-acetoxy-but-2-enyi-)-tetra-0-acetyl-glucopyranoside (Rf 0.26, 1.1 g, 
49% yield). 

1H NMR (400 MHz, CDCI3): 6 5.76-5.64 (2 H. m, HC=CH), 4.55 (1 H, d, J = 8 Hz, anomeric H), 2.09 & 2.06 & 
2.02 & 2,02 & 2.00 (5 x 3 H, 5 s, 5 x OAc). 

EXAMPLE 28 

Synthesis of 8a-(4-(tetra-0-acetyl-p-D-glucopyranosloxy-butyl-))-9-deoxo-8a-aza-8a-homoerythromycin A 
by hydrogenation of 8a-{4-(tetra-0-acetyl-p-D-glucopyranosloxy-but-2-enyi-))-9-deoxo-8a-aza-8a-homoery- 
thromycin A 




Palladium catalyst (23 mg. 10% Pd/C) was added to a solution of 8a-(4-(tetra-0-acetyl-p-D-glucopyrano- 
sloxy-but-2-enyl-))-9-deoxo-8a-aza-8a-homoerythromycin A (20 mg, 0.018 mmol) in 0.5 mL of absolute etha- 
nol. The reaction vessel was flushed and filled with nitrogen then flushed and filled with hydrogen. The reaction 
mixture was stirred at room temperature under one atmosphere (balloon) of hydrogen for 0.5 hours. The reac- 
tion mixture was filtered through Celite and the filtrate was evaporated under vacuum to afford 8a-(4-(tetra-0- 
acetyl-p-D-glucopyranosloxy-butyl-))-9-deoxo-8a-aza-8a-homoerythromycin A (7 mg. 35% yield). 
^H NMR (400 MHz, CDCI3): 5 4.47 (1 H, d, J = 8 Hz, HI"'), 3.31 (3 H, s, OCH3). 2.42 (6 H. br s, N(CH3)2). 2.07 
& 2.03 & 2,01 & 1 .99 (4 X 3 H, 4 s, 4 X OAc). 
FAB-MS: m/z 1 138 (M + H), 
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EXAMPLE 29 

Synthesis of 9-Deoxo-8a-aza-8a-((2-cyano)eth-1-yl)-8a-homoerythromycin A 

5 



io 




15 

9-Deoxo-8a-aza-8a-homoerythromycin A (4.0g. 5,5mmol) was dissolved in acrylonitrile (30mU456mmol) 
and the solution was refiuxed for 27 hours. The solvent was evaporated under vacuum and the residue was 
dissolved in isopropyl alcohol (24mL). After stirring for 1 hour at room temperature and 3 hours in an ice bath, 
the precipitate was filtered, rinsed with cold isopropyl alcohol (10mL). and was dried under vacuum to afford 
20 the titie compound as a white crystalline solid (2.85g), 
MP 173-175°C 

IR (CHCI3) 3540. 3420. 2965. 2935, 2880. 2835. 2790, 2250(w). 1722. 1455, 1405. 1375. 1345. 1330. 1275, 
1255, 1245, 1175. 1160. 1120. 1100, 1085. 1070, 1040, 995, 975. 955cm-i 

iH NMR (CDCy 6(ppm) 4.95 (br d. H-l") 4.90 (br dd, H-13). 4.38 (d, H-V), 3.22 (s. OCH3). 2.28 (s. N(CH3)2), 
25 0.85 (t, CH2CH3) 

FAB mass spectrum, m/z 788.4, 644.2. 630.2, 612.3, 571.3, 158.3 

EXAMPLE 30 

30 Synthesis of 9-Deoxo-8a-aza-8a-((3-aminQ)prop-1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-((2-cyano)eth-1-y1)-8a-homoerythromycin A (0.5g, 0.635mmol) was dissolved in etha- 
nol (6mL) and the solution was saturated with ammonia. Raney nickel (0.5g) was added and the mixture was 
45 hydrogenated at 40 psi for 4 hours, whereupon more Raney nickel (0-5g) was added and the hydrogenation 
was continued for an additional 20 hours. The suspension was filtered and the filtrate was evaporated to a light 
blue foam. 

The above foam was dissolved in 60:10:1 methylene chloride/methanol/conc. ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 14cm. 230-400 mesh, wet packed with 60:10:1 methylene chlor- 
50 ide/methanol/conc. amnK»nium hydroxide). The column was eluted with 60:10:1 methylene chloride/ methanol- 
/cone, ammonium hydroxide and 8mL fractions were collected. Fractions 1 2-1 8 were combined and evaporated 
to give the title compound as a white foam (0.35g). 

IR (CHCIa) 3400, 2970, 2935. 2875. 2835, 2785. 1 725. 1 455. 1 395. 1 370. 1 345. 1 325. 1 275, 1 255, 1 240, 1 1 60. 
1 105. 1085. 1045, 1010. 995. 975. 950, 890cm-i 
55 1H NMR (CDCI3) 6(ppm) 4.92 (br d, H-l" + H-13), 4.35 (d. H-V). 3.25 (s. OCH3). 2.25 (s. N(CH3)2). 0.82 (t. 
CH2CH3) 

NMR (CDCI3) 6(ppm) 177.0. 104.4. 96.1. 77.8. 77.1, 75.0, 74.4. 72.7. 70.5, 69.2, 69.0. 65.6. 65.0. 63.9, 
50.4, 49.3. 46.6. 46.5, 42.2. 40.3, 40.2, 34.9, 32.6. 31.0, 28.9, 26.0. 21.8. 21.5, 21.1, 17.9, 16.2, 15.3, 14.6, 
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14.5, 13.0. 11.1, 10.7 

FAB mass spectrum, m/z 792.5, 616.4 



EXAMPLE 31 



Synthesis of 9-Deoxo-8a-aza-8a-(((N,N-dimethyl)-3-amrno)prop-l'-yl)-8a-homoerythromycin A 




UH2 




Hj (1 atm ) 



37% aq. HCHO 
1 0% Pd/cart>on 



9-Deoxo-8a-a2a-8a-((3-amino)prop-1-yl)-8a-homoerythromycin A (100mg, 0.125mmol) and formalin 
(0.1 2mL, 1.6mmol) were dissolved in a mixture of 4:1 ethanol/ water (1,2mL). The solution was hydrogenated 
at atmospheric pressure for 26 hours in the presence of 10% palladium on carbon (50mg). The suspension 
was filtered through solka-floc and the filtrate was evaporated to an oil. The oil was partitioned between water 
(4mL) and methylene chloride (4mL). the pH was adjusted from 7.0 to 1 1.0, and the methylene chloride layer 
was removed. The aqueous layer was re-extracted with more methylene chloride (4mL) and the combined me- 
thylene chloride extracts were dried with magnesium sulfate, were filtered and evaporated under vacuum to 
give an oil (91mg). 

The oil was dissolved in methylene chloride and was placed on a 1000 micron silica preparative thin layer 
plate. The plate was developed with 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and the 
title compound was removed, eluted with 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide, 
and evaporated to a foam (66mg). 

IR (CHCI3) 3400. 2965. 2935, 2875. 2825. 2780. 1725. 1455. 1395. 1370, 1345, 1325. 1275. 1255. 1240, 1 160. 
1115. 1100. 1085. 1045, 1010, 975, 950. 890cm-i 

NMR (CDCI3) 6(ppm) 4.95 (br d + dd. H-l" + H-13), 4.38 (d. H-1'). 3:25 (s. OCH3), 2.28 (s, N(CH3)2). 2.22 
(s. N(CH3)2). 0.85 (t. CH2CH3) 

FAB mass spectrum, m/z 820.3. 733.3, 662.4, 158.2 
EXAMPLE 32 

Synthesis of 9-Deoxo-8a-a2a-8a-((2-cyanoethyl)-3-aminoprop-1-yl)-8a-homoerythromycin A 



9-Deoxo-8a-aza-8a-{(3-amino)prop-1-yl)-8a-homoerythromycin A (200mg. 0.253mmol) was dissolved in 
methanol (0.5mL) and was treated with acrylonitrile (0.033mL. O.SOmmol). The solution was stirred at room tem- 
perature for 4 hours and was evaporated to a foam. 

The above foam was dissolved In 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 17.5cm, 230-400 mesh, wet packed with 90:10:1 methylene 
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chlohde/methanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide and 8mL fractions were collected. Fractions 25-37 were combined and 
evaporated to give the title compound as a white foam (0.1 7g). 

IR (CHCI3) 3400. 2970. 2935. 2880, 2825. 2455{w). 1725. 1555, 1400. 1375. 1345, 1325, 1280. 1165, 1120. 
1105. 1085. 1045, 1010. 995. 975. 955, 900cm-i 

1 H NMR (eO^'C CDCI3) 6{ppm) 4.92 (br d. r) 4,89 (dd. H- 1 3). 4.34 (d. H- 1 3.23 (s. OCH3).. 2.28 (s. NfCHa),). 
0.83 (l CH2CH3) 

13C NMR (60*^C CHCI3) 6(ppm) 177.0. 118.4, 104.5, 96.3. 87.6. 87.5, 78.7, 77.9, 77.2, 75.3. 74.5. 72.8. 70.6. 
69.4, 69.0, 65.7. 65.1. 57.5, 54.5. 49.3. 49.2. 47.1. 46.8, 45.0, 42.3, 41.4, 40.3, 35.0. 32.8, 29.5, 28.7. 26.o! 
21.9. 21.4. 21.0, 18.5. 17.9. 16.2. 15.2, 14.4. 13.0, 11.1, 10.7 
FAB mass spectrum, m/z 846.9. 793.8. 687.8, 669.7. 513.4, 157.9 

EXAMPLE 33 

Synthesis of 9-Deoxo-8a-aza-8-((3.4-dibenzyloxybenzyl)-3-aminoprop-1-yl)-8a-homoerythromycln A 



9-Deoxo-8a-aza-8a-((3-amino)prop-1-yl)-8a-homoerythromycin A (lOOmg. 0.125mmol) and 3.4-dibenzy- 
loxybenzaldehyde (44n>g. 0.1 38nno!) were dissolved in isopropyl alcohol and were heated at 60°C for 22hpurs. 
The solution was cooled to room temperature and evaporated to a gla'ssy solid. The solid was dissolved in me- 
thanol (ImL) and was treated with sodium borohydride {^5mg, 0.4mmol). After 0.5 hours, several drops of ethy- 
lene glycol were added to break up the borate esters, and the solution was stirred an additional 0.5 hours. The 
mixture was partitioned between water (4mL) and methylene chloride (4mL). The methylene chloride layer was 
removed and the aqueous layer was re-extracted with more methylene chloride (4mL). The combined methy- 
lene chloride extracts were dried with magnesium sulfate, were filtered and evaporated to a foam. 

The foam was dissolved in methylene chloride and was placed on two 1000 micron silica preparative thin 
layer plates. The plates were developed with 90: 1 0:1 methylene chloride/methanol/conc. ammonium hydroxide 
and the title compound was removed, eluted with 90:10:1 methylene chloride/methanol/conc. ammonium hy- 
droxide, and evaporated to a foam (54mg). 

NMR (CDCI3) 5(ppm) 5.15 (s. CHaAr). 5.12 (s. CHaAr), 4.98 (br dd. H-13). 4.90 (dd. H-l"), 4.38 (d. H-1'). 
3.27 (s, OCH3), 2.28 (s. N(CH3)2). 0.85 (t, CH2CH3) 

EXAMPLE 34 

Synthesis of 9-Deoxo-8a-aza-8a-((3.4-dihydroxybenzyl)-3-aminoprop-1-yl)-8a-homoerythromycin A 



OBn 




OBn 



OH 
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The crude 9-Deoxo-8a-a2a-8a-((3.4-dibenzyloxybenzyl)-3-aminoprop-1-yl)-8a-homoerythromycin A was 
dissolved in ethanol (4mL), and was hydrogenated at atmospheric pressure for 3 hours in the presence of 20% 
palladium hydroxide on carbon (48mg). The suspension was filtered through a 0.45 micron acrodisc and the 
filtrate was evaporated to give the title compound (40mg). 
5 iH NMR (CDCI3) 6(ppm) 7,22 (br m. ArH), 6.83 (br m. ArH), 5.12 (brdd, H-13) 4.87 (brd, H-l"). 4.34 (br d. H- 
1'). 3.25 (s, OCH3), 2.42 (s, N(CH3)2). 0.85 (t, CH2CH3) 

IR (nujol) 3360, 2940. 2920. 2850. 1725. 1460. 1450, 1370, 1280. 1175, 1160, 1110. 1070. 1045, 1005 995 
975, 950, 890cm-i 

FAB mass spectrum, m/z 914.5. 820.4. 792.3. 747.2. 178.1, 165.1. 154.0 

10 

EXAMPLE 35 

Synthesis of 9-Deoxo-8a-aza-8a-(3-acetoxyprop-1-yl)-8a-homoerythromycin A and 9-Deoxo-8a-aza-(8a,6- 
0-trimethylene)-8a-homoerythromycin A 

15 



20 



25 



30 



35 




9-Deoxo-8a-aza-8a-((3-amino)prop-1-yl)-8a-homoerythromycin A (.38g. 0.48mmol) was dissolved in 
chloroform (6mL) and was treated with isoamylnitrite (0.072m1. 0.54mmol) and acetic acid (0.056mL. 
0.98mmoi). The solution was refluxed a total of 2 hours, with an addition of isoamylnitrite (0,036mL, 0.27mmol) 

40 and acetic acid (0.025mL, 0.4375mmol) at 50 minutes. The mixture was cooled to room temperature, water 
(6mL) was added and the pH was adjusted to 4 with dilute hydrochloric acid. The methylene chloride layer was 
removed and additional methylene chloride (6mL) was added. The pH was adjusted to 11 with dilute sodium 
hydroxide, the methylene chloride was removed and the aqueous layer was re-extracted with more methylene 
chloride (4mL). The combined extracts were dried with magnesium sulfate, were filtered and evaporated to a 

45 foam (0.385g). 

The above foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and 
was loaded onto a column of silica gel 60 (4.25 x 13cm, 230-400 mesh, wet packed with 90:10:1 methylene 
chloride/methanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide and 8mL fractions were collected. Fractions 19-22 were combined and 

so evaporated to give 9-Deoxo-8a-a2a-8a-(3-acetoxypropyl)-8a-homoerythromycin A as a white foam (0.1 7g). 
Fractions 25-27 were combined and evaporated to a foam (0.028g). The foam was dissolved in 90:10:1 me- 
thylene chloride/methanol/ cone, ammonium hydroxide and was loaded onto a column of silica gel 60 (2.5 x 
27cm. 230-400 mesh, wet packed with 90:1 0:1 methylene chloride/methanol/ cone, ammonium hydroxide). The 
column was eluted with 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and 4nnL fractions 

55 were collected. Fractions 32-43 were combined and evaporated to give 9-Deoxo-8a-aza-(8a.6-0-trimethy- 
lene)-8a-homoerythromycin A as a foam (0,01 6g). 
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Data for 9-Deoxo-8a-aza-8a-(3-acetoxyprQp-1-yl)-8a-homoerythromycin A 

IR (CHCI3) 3410. 2970, 2935. 2880, 2830, 2785. 1728. 1455. 1395, 1370. 1345, 1325. 1270. 1240, 1160, 1120 
1 105. 1085. 1045, 1010, 995. 975. 950cm-i 
5 NMR (60«C CDCI3) 6(ppm) 4.98 (m, H-1" + H-13), 4.38 (d. H-V). 3.28 (s, OCH3). 2.32 (s. N(CH3)2), 2.02 (s 

OAc). 0.89 (t, CH2CH3) 

NMR (60-C CDCI3) 6(ppm) 177.2, 170.7, 104.7. 98.1, 88.1. 78.0. 77.0, 75.5, 74.4, 72.8. 70.6. 70.5, 69.2, 
65.7. 65.2, 62.9. 58.6. 58.6. 49.3, 47.1. 47.0. 46.6. 42.4. 41.2. 40.3. 40.2. 35.0, 32.6, 29.4, 28.0. 22.0. 21.6! 
21.5. 21.0, 20.7. 17.9, 16.1, 14.9. 14.6. 12.7, 11.6, 11.2 
10 FAB mass spectrum, m/z 835.6. 677.1 , 659.8. 158.4 

Data for 9-Deoxo-8a-aza-(8a,6-0>trimethytene)-8a-homoerythromycin A 

IR (CHCI3) 341 0, 2970, 2935. 2880. 2830, 2785, 1 725. 1 455, 1 395. 1 370. 1 345, 1 275, 1 240. 1160,1110.1105, 
15 1085. 1045, 1010. 995. 975. 950cm-i 

iH NMR (60°C CDCla) 5(ppm) 5.19 (d, H-1"), 4.85 (dd, H-13), 4,62 (br d, H-V), 3.33 (s, OCH3), 2.35 (br s 
N(CH3)2), 0.85 (t, CH2CH3) 

FAB mass spectrum, m/z 775.5, 759.0. 615.0, 599.3, 500.3, 158.4 
20 EXAMPLE 36 

Synthesis of 9-Deoxo-8a-aza-8a-(3-hydroxyprop-1-yl)-8a-homoerythromycin A 



25 



OAc 



30 




OH 



LIOH HgO 
CH3OH 




35 



40 



45 



50 



Lithium hydroxide monohydrate (0.005g, 0.12mmol) was added to a solution of 9-Deoxo-8a-aza-8a-(3- 
acetoxyprop-1-yl)-8a-homoerythromycin A (0.098g. 0.117mmol) in methanol (1.5mL). and the solution was 
heated at 50**C for 0.5 hours. After cooling to room temperature, the mixture was evaporated and the residue 
was partitioned between water (4mL) and methylene chloride (4mL). The methylene chloride was removed and 
the aqueous layer was re-extracted with more methylene chloride (4mL). The combined methylene chloride 
extracts were dried with magnesium sulfate, were filtered and evaporated to a foam. 

The atKJve foam was dissolved in 90:10:1 methylene chloride/ methanol/ cone, ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 18cm. 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/ methanol/ cone, ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ metha- 
nol/ cone, ammonium hydroxide and 8mL fractions were collected. Fractions 24-27 were combined and evapo- 
rated to give the title compound as a foam (0.042g). 

IR (CHCI3) 3405. 2970. 2935, 2875. 2830. 2785. 1722, 1455. 1400. 1375. 1345. 1280. 1 160. 1105. 1085, 1045. 
1010, 995. 975, 950, 890cnrri 

m NMR (CD3OD) 5(ppm) 5.1 1 (d, H-l"), 4.98 (dd. H-13). 4.38 (d. H-V). 3.32 (s. OCH3). 2.32 (s. N(CH3)2). 0.88 
(t. CH2CH3) 

FAB mass spectrum (Li spike), m/z 799.8. 793.8, 635.6. 617.6. 478.4. 460.5, 172,5, 167.3. 158.3 



55 
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EXAMPLE 37 

9-Deoxo-8a-aza-8a-(3-methoxy-3-oxopropyl)-6a-homoerythromycin A 



10 




Zinc chloride (21 5 mg, 1 .58 mmol) and methanol (0.1 1 mL. 2.7 nnmol) were added to a mixture of 9-deoxo- 
8a-aza-8a-homoerythromycin A (2.0 g, 2.7 mmol) and methyl acrylate (30 mL, 333 mmol). The resulting mixture 
was stirred at 60°C for 91 hours. The excess methyl acrylate was removed under vacuum leaving a white solid 
20 residue. The crude product was purified by flash chromatography on EM silica gel 60 (7.0 x 30.5 cm. column 
eluted with 95:5:1 chloroform: methanol:aqueous ammonia collecting 50 mL fractions). Fractions 29-40 were 
combined and evaporated under vacuum to afford 9-deoxo-8a-aza-8a-(3-methoxy-3-oxopropyl)-8a-homoery- 
thromycin A (1 .58 g) as a foam. 

iH NMR (400 MHz, CD3OD) 6 5.14 (d, H-r). 4.97 (dd. H-13). 4.42 (brs. H-3), 4.39 (d, H-V), 4.19 (m, H-5"), 
25 3.67 (s. CO2CH3). 3.64 (m, H-5'). 3.51 (d, H-5), 3.48 (br s. H-11), 3.31 (s. OCH3), 3.27 (dd, H-2'), 3.00 (d, H- 
4"). 2.36 (s, N(CH3)2), 1.34 (brs, 6-CH3). 1.14 (d, 8-CH3). 1.10 (s, I2-CH3), 1.02 (d, 4-CH3), 0.93 (d, IO-CH3), 
0.89 (t, CH2CH3). 

FAB-MS, m/z 821 (M+H), 827 (M+Li). 
30 EXAMPLE 38 ' 

Synthesis of 8a-(3-octyloxy-3-oxopropyi)-9-deoxo-8a-aza-8a-homoerythromycin A by transesterification of 
8a-(3-methoxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A. 




45 

Sodium hydride (6 mg of a 60% oil dispersion. 0. 15 mmol) was added to a cooled (ice bath) solution of 8a- 
(3-methoxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromyclnA(105 mg, 0.1 3 mmol) in 0.5 mL of n-octanol. 
A single layer of 3A molecular sieves was then added to the reaction vial and the mixture was stirred at room 
temperature for 22 hours. The reaction mixture was then filtered through Celite and the filtrate was washed 
50 with saturated aqueous NaCI. dried over magnesium sulfate, filtered and evaporated under vacuum. The resi- 
due was purified by flash chromatography on silica gel (2.0 x 30.5 cm column eluted with 95 : 5 : 1 .5 chlorofomn : 
methanol : saturated methanolic ammonia, collecting 10 mL fractions). Fractions 45-56 were combined and 
evaporated under vacuum to afford 8a-(3-octyloxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A (48 
mg, 41% yield). 

55 NMR (400 MHz. CDCI3. 53«C): 6 4.10-4.00 (2 H, m, CHjOCO). 3.28 (3 H. s, OCH3), 2.32 (6 H. br s. N(CH2)2). 
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EXAMPLE 39 

Synthesis of 8a-(3-(2-fnethoxyethoxy)-3>oxopropyl)-9-deoxo-8a-aza-8a-homoerythronnycin A by transesteri- 
fication of 8a-(3-methoxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A. 




Substitution of 2-methoxyethanol forn-octanol as the solvent in the procedure described above for the prep- 
aration of 8a-(3-octyioxy-3-oxopropyl)-9-deoxo-8a-aza-8a-honnoerythromycin A afforded 8a-(3-(2-nnethoxye- 
thoxy)-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A (45 mg, 43% yield). 

NMR (400 MHz, CDCI3. 53^C): 5 4.12-4.04 (2 H, m. CH2OCO). 3.38 (3 H, s, OCH3), 3.30 (3 H, s. OCH3), 
2.32 (6 H, br s, N(CH3)2). 

EXAMPLE 40 

Synthesis of 8a-(3-isopropoxy-3-oxopropyl)-9-deoxo-8a-a2a-8a-homoerythromycin A by transesterification 
of 8a-(3-methoxy-3-oxopropyl)-9>deoxo-8a-aza-8a-homoerytromycin A. 




Substitution of Isopropanol for n-octanol as the solvent in the procedure described above for the preparation 
of 8a-(3-octy1oxy-3-oxopropyi>-9-deoxo-8a-a2a-8a-homoerythromycin A afforded 8a-<3-isopropoxy-3-oxopro- 
pyl)-9-deoxo-8a-aza-8a-honrioerythromycin A (39 nng. 36% yield). 

iH NMR (400 MHz, CDCI3. 53*»C): 6 4.10-4.02 (1 H. m. MejCHOCO). 3.29 (3 H, s, OCH3), 2.32 (8 H, br s. 
N(CH3)2). 1 .22 (6 H, d, J = 7 Hz, C(CH3)2). 
FAB MS m/z 850 (M + H). 
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EXAMPLE 41 

Synthesis of 8a-(3-benzyloxy-3>oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A by Michael addition of 
9-deoxo-8a-a2a-8a-homoefythromycin A to benzyl acrylate. 

5 




Benzyl acrylate (1.1 g, 6.8 mmol) and lanthanunn chloride-hydrate (225 mg, 0.61 mmol) were added to a 
solution of 9-deoxo-8a-aza-8a-homoerythromycin A (501 mg, 0.68 mmol) in 2 mL of dry THF. The resulting 

20 mixture was stirred at 50*'C for 1 7 days. The excess benzyl acrylate was removed under vacuum and the residue 
was partitioned between ethyl acetate (8 mL) and 10% aqueous K2CO3 (6 mL). The aqueous layer was ex- 
tracted with ethyl acetate (5x8 mL) and the combined extracts were dried over magnesium sulfate, filtered, 
and evaporated under vacuum. The crude product was purified by flash chromatography on silica gel (7.0 x 
21 cm column; gradient elution starting with 70 ; 30 : 2 hexane : acetone : saturated methanolic ammonia 

25 changing in steps to 60 : 40 : 2 to 50 : 50 : 2 to 100% acetone; collecting 50 mL fractions). Fractions 150-240 
were combined and evaporated under vacuum to afford impure 8a-(3-benzyloxy-3-oxopropyl)-9-deoxo-8a- 
aza-8a-homoerythromycin A (448 mg). This material was further purified by flash chromatography on silica gel 
(4.0 X 20 cm column eluted with 95 : 5 : 1.5 chlorofonm : methanol : saturated methanolic ammonia, collecting 
30 mL fractions). Fractions 13-14 were combined and evaporated to afford 8a-(3-benzyloxy-3-oxopropyl)-9- 

30 deoxo-8a-aza-8a-homoerythromycin A (101 mg) which still contained some impurities. This material was fur- 
ther purified by flash chromatography on silica gel (2.0 x 25 cm column eluted with 97 : 3 : 3 ethyl acetate : 
methanol : saturated methanolic ammonia, collecting 10 mL fractions). Fractions 43-67 were combined and 
evaporated to afford pure 8a-(3-benzyloxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A (74 mg) as 
an oil. An additional 1 6 mg of pure 8a-(3-benzyloxy-3-oxopropyl)-9-deoxo-8a-aza-8a-homoerythromycin A was 

35 obtained by rechromatography of mixed fractions (total 90 mg, 15% yield). 

NMR (400 MHz, CDCI3): 6 7,40-7.25 (5 H, m, Ar-H), 5,12 & 5.08 (2 x 1 H, 2 d, J = 13 Hz, ArCHaO), 3.27 (3 
H, s, OCH3), 2.31 (6 H, br s, N(CH3)2). 
FAB-MS: m/z 903 (M + Li). 

40 EXAMPLE 42 

Synthesis of 8a-(2-carboxyethyl)-9-deoxo-8a-aza-8a-homoerythromycin A by hydrogenation of 8a-(3-benzy- 
loxy-3-oxopropyi)-9-deoxo-8a-aza-8a-homoerythromycin A 



45 




Palladium catalyst (80 mg, 10% Pd/C) was added to a solution of 8a-(3-benzyloxy-3-oxopropyl)-9-deoxo- 
8a-aza-8a-homoerythromycin A (74 a\g, 0.082 mmol) in 0.8 mL of absolute ethanol. The reaction vessel was 
flushed and filled with nitrogen then flushed and filled with hydrogen. The reaction mixture was stirred at room 
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temperature under one atnnosphere (balloon) of hydrogen for 4.5 hours. The reaction mixture was filtered 
through Celite and the filtrate was evaporated under vacuum to a white powder. This crude product was tritu- 
rated with ether to afford 8a-(2-carboxyethyl)-9-deoxo-8a-aza-8a-homoerythromycjn A (27 mg, 40% yield) as 
a white powder. 

iH NMR (400 MHz, CD3OD): 6 3.33 (3 H, s, OCH3), 2.66 (6 H. br s, N(CH3)2). 
FAB-MS: m/z 808 (M + H). ^ 

EXAMPLE 43 

Synthesis of 6-0,8a-N-methylene-8a-aza-9-deoxo-8a-homoerythromycln A by condensation of 8a-aza-9-de- 
oxo-8a-homoerythromycin A with formaldehyde: 




Paraformaldehyde (500 mg) was placed in a pear shaped flask with side ami. A solution of 8a-aza-9-deoxo- 
8a-homoerythromycin A (500 mg. 0.68 mmol) In 4 mL of dry THF was placed in a reaction vial then a layer of 
activated 3A sieves was added to the vial. The flask containing the paraformaldehyde was heated with a Bunsen 
burner and the formaldehyde gas thus generated was swept (with a stream of nitrogen) out of the flask through 
the side anm and bubbled into the reaction mixture. After a few minutes, all of the paraformaldehyde was gone 
so heating was stopped and the reaction vial was capped. The resulting reaction mixture was stirred at room 
temperature for 22 hours. The mixture was then diluted with THF (4 mL) and centrifuged. The supernatant was 
decanted and the solid residue was washed with THF (3 mL) and recentrifuged. The combined supernatants 
were evaporated under vacuum to a colorless oil (571 mg). The crude product was purified by flash chroma- 
tography on silica gel (5.0 x 20 cm column eluted with 95.5 : 3 : 1 .5 chlorofonm : methanol : saturated methanol ic 
ammonia, collecting 50 mL fractions). Analytical TLC of the fractions indicated that fractions 30-66 contained 
the desired product (R, 0.18). These fractions were combined and evaporated under vacuum to afford 6-0.8a- 
N-methylene-8a-aza-9-deoxo-8a-homoerytiiromycin A as a white foam (289 mg, 57% yield) 
iH NMR (400 MHz, CDCI3) 6 4.79 (1 H. d, J = 4.5 Hz, HI"). 4.34 (1 H, d. J = 7 Hz, HV), 4.00 & 3.84 (2 x 1 H, 
2 d, J = 8 Hz. NCH2O), 3.28 (3H. s, OCH3), 2,24 (6H, s, N(CH3)2). 

1^ NMR (100 MHz, CDQa) 6 179.5 (C-1). 103.4 (C-V), 96.0 (C-r), 79,6 (NCHjO), 76.7 (06), 49.5 (OCH3). 
40.3 (N(CH3)2). 

FAB-MS m/z 747 (M + H). 753 (M + Li). 
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EXAMPLE 44 

Synthesis of 9-Deoxo>8a'aza-8a-cyanomethyl-8a-homoerythromycin A by Cyanomethylation of 9-DeoxQ-8a- 
aza-8a-homoerythromycin A 

5 



10 



15 



20 



25 




30 A suspension of 9-deoxo-8a-aza-8a-homoerythronnycin A (10.14g. 13.8 mmol) in anhydrous dimethylfor- 

mamide (30 ml) was treated with p-nitrobenzyi iodide (3.83 g, 14.5 mmol). The mixture was heated to 75/C for 
90 minutes, then cooled to room temperature. Bromoacetonitrile (5 ml, 71.3 mmol) and powdered potassium 
carbonate (2 g, 14.5 mmol) were added and the resulting mixture was heated at 75/C for 18 hours. The black 
suspension was poured into a fritted funnel and allowed to drip slowly into vigorously stirred ether (200 ml), 

35 The resulting suspension was filtered to afford a brown waxy solid (approximately 8 g). This crude product was 
partially dissolved in ethanol (50 ml) and acetic acid (3 ml) and 10% palladium on charcoal (4.7 g) was added. 
The suspension was hydrogenated on a Parr shaker at 50 p.s.i. for 4 hours, then filtered through Cellte. The 
filtrate was partitioned between chloroform and water and the pH of the aqueous layer was adjusted to 10 by 
the addition of solid potassium carbonate. The organic layer was separated, washed with brine, dried through 

4o a plug of sodium sulfate and concentrated. This crude mixture was subjected to flash chromatography using 
a stepwise gradient of 5/10/20% methanol/methylene chloride to afford 9-deoxo-8a-aza-8a-cyanomethyl-8a- 
homoerythromycin A (2.4 g. 22% yield) as a tan solid. This solid was recrystallized from 80% aqueous methanol 
(20 ml) using decolorizing charcoal to afford 9-deoxo-8a-aza-8a-cyanomethyl-8a-homoerythromycin A (1.09 
g) as an off white solid. 

45 TLC Rf 0.62 (10% methanol/methylene chloride) 

NMR (400 MHz, CDCI3) 6 4.98 (d,H-r), 4.78 (dd, H-13). 4.45 (d,H-r), 3.97 (m,H-5"). 3.27 (s.OCHa), 3.13 
(dd,H.2'), 2.23 (s,N(CH3)2) 

NMR (100.6 MHz, CDCI3) 6 178,53 (lactone). 117.40 (nitrile). 103.43 (C-V), 94.71 (C-r). 
FAB-MS m/z 774. 747. 589, 571, 432, 174. 158. 

so 
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EXAMPLE 45 

Synthesis of 9-Deoxo-8a-aza-8a-(2-aminoethyl)-8a-homoerythromycin A by Reduction of 9-Deoxo-8a- 
8a-cyanomethyl-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-cyanonriethyl-8a-homoerythromycin A (2.1 3g. 2.75 mmol) was dissolved in tetrahy 
furan (3 ml) and ammonia-saturated methanol (3 ml). Freshly prepared W6 Raney nickel catalyst (approximate- 
ly 2 g) was added and the suspension was hydrogenated on a Panr shaker at 48 p.s.i. for 24 hours. The sus- 
pension was filtered, concentrated and partitioned between chlorofonn and aqueous potassium carbonate. The 
organic layer was separated, washed with brine, dried through a plug of sodium sulfate, reduced by rotary evap- 
oration and dried under vacuum to afford a chromatographically inseparable mixture of three products (1.1 g). 
This material was dissolved in methylene chloride (6 ml) and reacted with N-(9-fluorenylmethoxycarbony- 
loxy)succinlmide (475 mg, 1.41 glycol) for 2 hours. The solution was partitioned between chloroform and aqu- 
eous potassium carbonate. The organic layer was separated, washed with brine, dried through a plug of sodium 
sulfate, concentrated and subjected to flash chromatography using a stepwise gradient of 5/10/20% metha- 
nol/methylene chloride to afford the FMOC derivative (900 mg). This derivative was dissolved in methylene 
chloride (1.5 ml) and piperazine (1 .5 ml). After 90 minutes, the solution was diluted with chloroform and washed 
twice with brine, dried through a plug of sodium sulfate and concentrated. The crude amine was purified by 
flash chromatography using a stepwise gradient of 0.1/0.5/1% ammonium hydroxide in 20% methanol/methy- 
lene chloride. 9-Deoxo-8a-aza-8a-(2-aminoethyf)-8a-homoerythromycin A (501 mg. 23% yield) was obtained 
as a white solid. 

NMR (400 MHz, CDCI3) 6 4.98 (dd, H-13). 4.86 (d.H-l"), 3.20 (S.OCH3). 2.20 (s.N(CH3)2). 
13C NMR (100.6 MHz, CDCIa) 6 176.78 (lactone). 103.62 (C-V). 96.41 (C-l"). 
FAB-MS m/z 778. 620. 445. 

EXAMPLE 46 

Synthesis of 9-Deoxo-8a-aza-8a-(2-dimethylamino ethyl)-8a-honrK>efythromycin A by Reductive Methylaton 
of 9-Deoxo-8a-aza-8a-(2-aminoethyl)-8a-honrK3erythromycin A 




9-Oeoxo-8a-aza-8a-(2-aminoethyl>-8a-homoerythromycin A (775 mg, 1 mmol). acetic acid (114 ml, 2 
mmol). sodium acetate (104 mg. 2 mmol), 10% palladium on carbon (350 mg), and 37% formaldehyde (4.5 ml) 
were combined in ethanol (6 ml). Hydrogen was bubbled through the suspension for 6 hours, then a hydrogen- 
filled balloon was installed. After 23 hours, the suspension was filtered through Celite, concentrated and par- 
titioned between chloroform and aqueous potassium carbonate. The organic layer was separated, washed with 
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10 



brine, dried through a plug of sodium sulfate, concentrated and subjected to flash chromatography using a step- 
wise gradient of 0.1/0.5/1% ammonia-saturated methanol in 20% methanol/methylene chloride to afford 9-de- 
oxo-8a-a2a-8a-(2-dimethylaminoethyl)-8a-homoerythromycln A (630 mg, 78% yield) as a white solid 
iH NMR (400 MHz, CDCI3, SO^'C) 6 5.01 (dd. H-13). 4.96 (d,H-1"), 4.46 (d.H-1"). 3.99 (m.H-5'). 3.28 (S.OCH3). 
2.30 (s.N(CH3)2). 2.28 (s,N(CH3)2). 

NMR (100.6 MHz, CDCI3) 6 176.70 (lactone, 103.19 (C-V), 96.08 (C-1"). 
FAB-MS (lithium spike) m/z 812, 648, 159. 

EXAMPLE 47 

Synthesis of 9-Deoxo-8a-aza-8a-(N-L-leucyl-2-aminoethyl)-8a-homoefythromycin A by Acylation of 9-De- 
oxo-8a-aza-8a-(2-aminoethyl)-8a-homoerythromycin A 



15 



20 



25 



o 




30 



OH 



35 



40' 



AcOK/EtOH 




N-benzyloxycarbonyl-L-leucine (38 mg, 0,143 mmol), 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide 
metho-p-toluenesulfonate. (61 mg, 0.143 mnrK)l) and 9-deoxo-8a-aza-8a-(2-aminoethyl)-8a-homoerythromy- 
cin A (106 mg. 0.136 mmol) were combined in anhydrous methylene chloride (1 ml). After 18 hours, the mixture 

45 was diluted with chloroform and sequentially washed with aqueous potassium carbonate, water, and brine. The 
organics were dried through a plug of sodium sulfate, concentrated and subjected o flash chromatography using 
a stepwise gradient of 0.'1/0.5/l% ammonia-saturated methanol in 20% methanol/methylene chloride to afford 
the N-benzyloxycarl>ony1 derivative of the target compound. This material was dissolved in ethanol (3 ml) and 
acetic acd (100 ml); 10% palladium on carbon (50 mg) was added and hydrogen was bubbled through the mix- 

50 ture for 2 hours. A balloon of hydrogen was installed and the reaction proceeded for 1 6 hours. The mixture was 
filtered through Celite, concentrated, and parttioned between chloroform and aqueous potassium carbonate. 
The organic layer was washed twice with brine, dried through a plug of sodium sulfate, concentrated and sub- 
jected to flash chromatography using a stepwise gradient of 0.1/0.5/1% ammonia-saturate methanol in 20% 
methanol/methylene chloride to afford 9-deoxo-8a-aza-8a-(N-L-leucyl-2-aminoethyl)-8a-homoerythromycin A 

55 (73 mg. 60% yield). 

iH NMR (400 MHz, CDCI3) 6 5.03 (dd.H-13). 4.82 (d,H-r), 3.24 (s,OCH3). 2.29 (s.N(CH3)2). 
NMR (100.6 MH, CDCI3) 6 178.28. 178.08. 102.89 (C-V). 98.88 (C-V). 
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EXAMPLE 48 

Synthesis of 9-Deoxo-8a-aza-8a-(benzyloxycarbonylmethyl)-8a-homoerythromycin A by Alkylation of 9-De- 
oxo-Sa-aza-ea-homoerythromycin A 




BrCKjCpaBn 




Benzyi bromide (1.56 ml, 13.1 mmol) was added to a suspension of 9-deoxo-8a-aza-8a-homoerythromycin 
A (9.61 g, 13.1 mmol) In dimethylfomnamlde (13 ml). The suspension clarified as it was heated to 50/C. After 
45 minutes, the solution was cooled to room temperature and benzyl bromoacetate (1.4 ml, 65.5 mmol) and 
powdered potassium carbonate (3.62 g, 26.2 mmol) were added. The suspension was heated at 50/C for four 
days. The cooled suspension was poured into a fritted glass filter and allowed to slowly drip into vigorously 
stirred ether (40 ml). The solvent was decanted to afford an orange gum. This gum was briefly subjected to 
high vacuum before being dissolved in acetonitrile (20 ml) and dimethylsulfoxide (20 ml). Thiophenol (4.05 ml, 
39.3 mmol) and powdered potassium carbonate (18 g 131 mmol) were added. After stirring at room temperature 
for 18 hours, the suspension was partitioned between ethyl acetate and water. The organic layer was separated 
and washed once with dilute aqueous potassium carbonate, twice with brine, then drie through a plug of sodium 
sulfate, concentrated and filtered through a plug of silica using a stepwise gradient of 5/10/30% methanol/me- 
thylene chloride to afford crude 9-deoxo-8a-aza-8a-(benzyloxycarbonyimethyi)-8a-homoerythromycin A (6 g) 
as a yellow sold. This crude product was subjected to flash chromatography using a stepwise gradient of 
1 0/20% methanol/methylene chloride to afford 8a-(benzyloxycarbonylmethyi>-8a-homoerythromycin A (5.33 g, 
46% yield) as a white solid. 

iH NMR (400 MHz, CDCI3, eO^'C) 6 5.08 (dd.PhCHz) 4.99 (d.H-l"). 4.87 (dd.H-13). 4.39 (m,H-3), 4.35 (d,H-1'), 
4.02 (m,H-5'). 3.18 (S.OCH3). 2.27 (s.N(CH3)2). 

NMR (100.6 MHz, CDCI3. 60*^0) 5 178.20. 172.27, 135.71. 128.31-128.60, 103.69 (C-V). 95.20 (C-r). 
FAB-MS m/z 883, 725. 708. 550. 158. 
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EXAMPLE 49 

Synthesis of 9-Deoxo-8a-aza-8a-carboxymethyl-8a-homoerythromycin A by Catalytic Hydrogenatron of 9- 
Deoxo-8a'aza-8a-(benzyloxycarbonylmethyl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(benzyloxycarbonylmethyl)-8a-homoerythromycin A (2.0 g, 2.27 mmol) and 10% pal- 
ladium on charcoal (885 mg) were combined in ethanol (6 ml) and tetrahydrofuran (4 ml). Hydrogen was bubbled 
through the suspension for 90 minutes. The suspension was filtered through Cellte into heptane evaporated 
to dryness and subjected to high vacuum for several hours to afford 9-deoxo-8a-aza-8a-carboxymethyl-8a-ho- 
moerythromycin A (1.66 g, 92% yield) as a white solid. 

NMR (400 MHz. CD3OD, eO^'C) 6 5.05 (d,H-1"), 4.97 (dd,H-13), 3.32 (S.OCH3). 2.87 (s.N(CH3)2). 
i^C NMR (100.6 MHz. CD3OD, 60°C) 5 180.51, 170.49, 103.01 (C-V), 96.25 (C-1"). 
FAB-MS m/z 794, 635. 479. 

EXAMPLE 50 

Synthesis of 9-Deoxo-8a-aza-8a-methoxycarbonylmethyl-8a-homoerythromycin A by Methylation of 9-De- 
oxo-8a-aza-8a-carboxymethyl-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-carboxymethyl-8a-homoerythromycin A (217 mg. 0.274 mmol) was dissolved in me- 
thanol (5 ml) and an ethereal solution of diazomethane was added until a yellow tint persisted. After 30 minutes, 
the solution was evaporated to dryness and subjected to flash chromatography using a stepwise gradient of 
10/20% methanol/methylene chloride to afford 9-deoxo-8a-aza-8a-methoxycarbonylmethyi-8a-homoerythro- 
mycin A (100 mg, 45% yield) as a white solid. 

^H NMR (400 MHz. CDCI3, 60*C) 6 4.98 (br s.H-i:), 4.86 (br d:H-i3). 3.65 (S.CO2CH3). 3.27 (S.OCH3). 2.38 

(S,N(CH3)2). 

^K: NMR (100.6 MHz. CDCI3) 5 172.68. 171,75. 103.34 (C-V). 95.08 (C-V). 
FAB-MS m/z (cesium spike) 808. 734. 
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EXAMPLE 51 



Transesterification of 9- Deoxo-8a-aza-8a-methoxycarbonyt methyl- Sa-homoerythromycin 



5 



10 



CHyO^C. 




NbH or LlCiPr), 



ROH 




General Procedure 



15 



9-Deoxo-8a-aza-8a-methoxycarbonylnnethyl-8a-homoerythromycin A (161 mg. 0.20 mmol) was dissolved 
in the appropriate alcohol (2 ml) and chilled in an ice bath. Sodium hydride or 1.5M lithium diisopropylamide 
(0.02 mmol) was added and the flask was allowed to wanm to room temperature. After 18 hours, the solution 
was partitioned between chloroform and aqueous sodium bicarbonate, the pH of the aqeous layer was adjusted 
20 to 10 with solid potassium cart>onate. the organic layer was separated and washed twice with brine, dried 
through a plug of sodium sulfate, reduced and subjected to flash chromatography to afford the title compounds. 
The followingesters were prepared. 

Octyl ester 

25 

1H NMR (400 MHz, CDCI3, eO^'C) S 4.97 (d.H-l"), 4,61 (dd,H-13). 3.26 (S.OCH3), 2.48 (s,N(CH3)2). 

NMR (100,6 MHz, CDCI3, 60*»C) 6 178.03, 172.41, 103.35 (C-V), 95.36 (C-1"). 
FAB-MS m/z 905, 748, 730. 572 

30 Isopropyl estet* 

1H NMR (400 MHz, CDCI3, 60*^C) 5 4.97 (d,H-r'), 4.87 (dd,H-13), 3.26 (s,OCH3), 2.39 (s,N(CH3)2). 

NMR (100,6 MHz, CDCI3, eO'^C) 6 177.98, 171.83, 103.58 (C-V), 95.33 (C-l"). 
FAB-MS m/z 836, 677, 659. 158. 

35 

Ethoxyethyl ester 

iH NMR (400 MHz. CDCI3. 60^C) 6 4.98 (d.H-l"). 4.88 (dd,H-13), 3.27 (s,OCH3), 2.43 (s,N(CH3)2). 
13C NMR (100.6 MHz, CDCI3, 60''C) 5 177.42, 171,74, 102.82 (C-V), 94.70 (C-1"). 
40 FAB-MS m/z 866, 708, 690, 533. 

Methoxyethoxyethyl ester 

1H NMR (400 MHz, CDCI3) S 4.98 (d.H-l"), 4.88 (dd,H-13), 3.32 (s,OCH3), 3.28 (s,OCH3), 2.44 (s,N(CH3)2). 
45 NMR (100,6 MHz, CDCI3) 6 172,01, 172,39, 103.47 (C-V). 95.43 (C-r), 

FAB-MS m/z 895, 720. 563. 

2-Dimethylaminoethyl ester 

50 iH NMR (400 MHz. CDCI3. 60^C) 6 4.98 (d.H-l"), 4.83 (dd,H-13), 3.26 (S.OCH3), 2.26 (s.N(CH3)2), 2.22 

(S,N(CH3)2). 

13C NMR (100.6 MHz, CDCI3, 60**C) 6 178.09, 172.34, 103.71 (C-V). 95.21 (C-l"). 
FAB-MS m/z 865. 706. 158, 



55 



76 



EP 0 508 699 A1 

EXAMPLE 52 

Synthesis of 9-Deoxo-8a-aza-3'-N-demethyl-8a-homoerythrofnycin A 

5 



10 




15 

9-Deoxo-8a-aza-8a-homoerythromycin A (20g, 27.2mmol) and sodium acetate (12g, 146nnmol) were dis- 
solved in a mixture of methanol (160mL) and water {40mL). The solution was heated to SO^C and iodine (20g, 
78.7mmol) was added all at once. The pH was maintained between 9 and 9.5 by the addition of 5N sodium 
hydroxide. After 30 minutes the yellow solution was cooled to room temperature and most of the methanol was 

20 evaporated under vacuum. Methylene chloride (300m) and water (300ml), containing potassium carbonate 
(60g) and sodium sulfite {60g), were added and the mixture was stirred rapidly. The methylene chloride layer 
was removed and the aqueous layer was re-extracted twice with more methylene chloride (75mL) The com- 
bined methylene chloride layers were added to water (150ml), the mixture was rapidly stinted while the pH was 
adjusted to 4 with concentrated hydrochloric acid. The methylene chloride was removed and more methylene 

25 chloride (lOOmL) was added. Te pH of the mixture was adjusted to 6 with 5N sodium hydroxide, the methylene 
chloride layer was removed and more methylene chloride was added. The pH of the mixture was adjusted to 
6.5 with 5N sodium hydroxide, and the methylene chloride layer was remoed and more methylene chloride was 
added ( 1 0OmL). The pH of the mixture was adjusted to 1 0 with 5N sodium hydroxide, and the methylene chloride 
layer was removed and the aqueous layer was re-extracted twice with methylene chloride (lOOmL). The com- 

30 binedpH 1 0 extracts were dried with anhydrous magnesium sulfate, were filtered and evaporated under vacuum 
to a give the title compound as a light yellow foam (17.4g). 

IR (CHCI3) 3340, 2970, 2935, 2880, 2860, 2835, 2800, 1720, 1455, 1450, 1425. 1395, 1375,1345. 1320. 1300, 
1275, 1260. 1240, 1165, 1160, 1120. 1085. 1050, 1045. 1030. 1005. 995. 955cm-i 

NMR (CDCI3) 6(ppm) 4.93 (br d. H-l"). 4.74 (dd. H-13), 4.31 (d. H-V). 3.30 (s. OCH3). 2.40 (s. N(CH3)2). 
35 0.87 (t CH2CH3) 

FAB mass spectrum, m/z 721.4, 563.4, 547.2. 401.3, 143.9 

EXAMPLE 53 

40 Synthesis of 9-Deoxo-8a-aza-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromycin A 



45 



50 




9-Deoxo-8a-aza-3'-N-demethyl-8a-homoerythromycin A {17.4g. 24mmol) was dissolved in methylene 
chloride (150mL) and was cooled in an ice bath. Triethylamine (lOmL. 72mmol) was added followed by the drop- 
wise addition of phenylsulfonyi chloride (3.2mL, 25. 2mmol). After 2 hours, water (lOOmL) was added to the 
55 mixture and the pH was adjusted to 6.5 with concentrated ydrochloric acid. The methylene chloride layer was 
removed and was washed with water (lOOmL). The methylene chloride was dried with anhydrous magnesium 
sulfate, was filtered and evaporated to give the title compound as a foam (17g). 

The foam (16g) wa dissolved in hot acetonitrile (50mL), was cooled to rt and filtered after one hour. The 
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solid was washed with acetonitrile (10mL) and was dried tinder vacuum to give the title compound as a white 
crystalline solid (7.35g). 
MP 145-146**C 

IR(CHCl3) 3530. 3370, 2965, 2935, 2875, 2860. 2835, 1720, 1455, 1445, 1425. 1395. 1370. 1345, 1325, 1305, 

5 1275. 1235. 1175, 1155. 1120, 1095, 1080, 1030. 1005, 990, 950. 945. 925cm-i 

iH NMR (CDCI3) 6(ppm) 7.83 (d. ArH). 7.54 (dd, ArH), 7.48 (dd. ArH). 5.00 (d, H-V). 4.94 (brd, 11-OH), 4.74 
(dd, H-13). 4.37 (d. H-1'). 4.36 (br dd, H-3). 3.99 (dq. H-5"). 3.93 (m. H-3')..3.52 (brd, H-11), 3.50 (m. H-5'), 
3.48 (br d, H-5), 3.36 (s, OM e). 3.24 (ddd, H-2'). 3.05 (br s. 1 2-OH). 3.03 (t, H-4"), 2.76 (m, H-8). 2,73 (. N(Me)2), 
2.65 (p, H-2). 2.58 (dd. H-9a), 2.41 (m. H-9b). 2.31 (d. H.2''Eq.). 2.28 (d. 4"-OH). 1.92 (ddq, H-14a). 1.78 (m. 

10 H-4). 1.59 (m. H-10), 1 .55 (dd, 2"ax). 1.33 (s. 6-CH3). 1.28 (d. 5"-CH3), 1 .25 (s. 3"-CH3), 1.18 (d, 2-CH3), 1.13 
(d, 5'-CH3). 1.10(d. 8-CH3). 1.06 (s, I2-CH3). 0.98 (d. 4-CH3), 0.94 (d. IO-CH3). 0.86 (t, H-15) 
13C NMR (CDCI3) 6(ppm) 178.8, 139.6. 132.6, 129.0. 128.9. 127.3, 103.4. 94.4. 84.3. 78.0, 77.8, 76.5. 75.0. 
74.8, 73.0. 70.5. 68.2, 66.3, 65.4. 58,0, 49.7, 49,6, 49.5, 45.7, 43.5, 39.8, 36.0, 35.6, 34.6, 28.4, 27.5. 21.8, 
21.7. 20.9, 18.1. 16.4. 14,9, 12. 0, 11.4. 9.95 

15 FAB mass spectrum, m/z 861, 703, 685, 402, 266. 198, 127 

EXAMPLE 54 

Synthesis of 9-Deoxo-8a-aza-8a-(2-fluoroeth-1-yl)-3'-N-demethyl-3'-N-phenysulfonyl-8a-homoerythromycin 
20 A 




9-Deoxo-8a-aza-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromycin A(0.2g. 0.23mmol). powdered 
sodium bicarbonate (0.06g. 0.70mmol) and 1-bromo-2-fluoro ethane (0,05mL. 0.67mmol) were added to a 5mL 
35 flask equipped with a magnetic stir bar. Dry dimethylfonmamide (0.2ml) was added and the suspension was 
stirred at 100°C for 68 hours. After cooling to room temperature, the mixture was partitioned between water 
(6mL) and methylene chloride (6mL). and the pH was adjuste to 10 with 2N sodium hydroxide. The methylene 
chloride layer was removed, was dried with anhydrous magnesium sulfate, was filtered and evaporated to a 
light yellow foam (0.234g). 

40 The foam was dissolved in 10% methylene chloride/ methanol and was loadd onto a column of silica gel 

60 (2.5 X 30cm. 230-400 mesh, wet packed with 10% methylene chloride/ methanol). The column was eluted 
with 10% methylene chloride/ methanol and after a forerun of 40 mU 3mL fractions were collected. Fractions 
25-27 were ombined and evaporated to give 9-Deoxo-8a-a2a-8a-(2-fluoroeth-1-yl)-3'-N-demethyl-3'-N-phe- 
nyisulfonyl-8a-homoerythromycin A as a foam (0.072g). The forerun and tails, fractions 24, and 28-36. were 

45 combined and evaporated to a foam (0.051 g). 

The combned forerun and tails was dissolved in methylene chloride and was placed on two 1000 micron 
silica preparative thin layer plates. The plates were developed with 10% methylene chloride/ metiianol and the 
title compound was removed, eluted with 10% methylee chloride/ methanol, and evaporated to a foam (26mg). 
IR(CHCl3) 3540. 3365. 2965. 2935. 2880. 2835. 1725. 1455, 1445. 1395. 1370. 1345. 1325. 1280. 1260. 1235, 

50 1 1 75. 1 1 55. 1 1 1 5, 1 080. 1 045. 1 005. 995, 950, 945, 925cm-i 

iH NMR (CDCI3) 6(ppm) 7.88 (d. ArH), 7.48 (dd. ArH). 7.43 (dd, ArH). 4.97 (dd, H-13). 4.93 (d, H-1"), 4.60- 
4.32 (m. CH2F), 4.40 (d, H-V). 3.27 (s. OMe), 2.73 (s. N(Me)2). 0.89 (t. H-15) 

13C NMR (eO^'C CDCI3) 5(ppm) 1 77, 1 . 1 40.2. 1 32.0. 1 28.6. 1 27.5, 1 04.2. 96. 1 . 88.6, 83,4, 81 .7, 78. 1 . 77,9, 77.0, 
75.5. 74.2, 72,8. 70,0. 69,4, 68.6. 65.9. 59.7. 59,6, 58,2. 55,7. 55.6. 49.3. 46.3. 42.0. 41.9, 36.3. 35.1. 33.2, 
55 28.4, 25.7. 22.0, 21.5. 20.6. 17.8. 16.1. 14.6. 14.2, 12.6, 12.4. 11.1 
FNMR (60"'C CDCI3) 5(ppm) -218.1 (br m, CH2F) 

FAB mass spectrum Li spike, m/z 915.0. 907.9. 750.4, 732.4. 623,2. 607.2. 565.2, 477.1. 467,2, 449,0, 348.5. 
322,3, 284.1. 266.2 
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EXAMPLE 55 

Synthesis of 9-Deoxo-8a-a2a-8a-(2-fluoroeth-1-yl)-3'>N-demethyl-8a-homoerythromycin A 



10 




9-Deoxo-8a-a2a-8a-(2-fluoroeth-1-yl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromyc^ A (1.0g, 
1.10mmol) was added to a well stirred suspension of potassium dihydrogen phosphate (5g, 36.8mmol) in me- 
thanol (20mL), The mixture was cooled in a dry ice/ethylene lycol bath (bath temperature -20°C), and finely 
ground 6% sodium amalgam (6.45g. 16.8mmol) was added In three batches. After 2 hours the suspension was 
20 added to a mixture of saturated potassium carbonate (lOOmL) and ethyl acetate (40mL). The ethyl acette layer 
was removed and the aqueous layer was re-extracted with more ethyl acetate (40mL). The combined ethyl acet- 
ate extracts were washed with brine {40mL), dried with magnesium sulfate, filtered and evaporated to a foam 
(0.88g). 

25 EXAMPLE 58 

Synthesis of 9- Deoxo-8a-aza-8a-(2-fluoroeth-1-yl)-8a-homo erythromycin A 



30 



35 




40 9-Deoxo-8a-aza-8a-(2-fluoroeth-1-yl)-3'-N-demethyl-8a-homoerythromycin A (0.88g. 0.98mmol) was dis- 

solved in chloroform (20mL) and was treated with 37% aqueous formaldehyde (0.1 mL, 1.33mmol) and 96% 
fomnic acid (0.1 mL, 2.55mmol). The mixture was heated at 60*'C for 20 hours and was then cooled to room 
temperature. Water (ISmL) and methylene chloride (10mL) were added and the pH was adjusted to 4 with dilute 
hydrochloric acid. Te methylene chloride was removed and more methylene chloride (20mL) was added. The 

45 pH of the mixture was adjusted to 5.5 with 5N sodium hydroxide, the methylene chloride layer was removed 
and more methylene chloride (20mL) was added. The pH of the mixtre was adjusted to 1 1 and the methylene 
chloride layer was removed and the aqueous layer was re-extracted twice with methylene chloride (20mL). The 
combined pH 11 extracts were dried with anhydrous magnesium sulfate, were filtered and evaporated under 
vcuum to a foam (0.64g). 

50 The foam was dissolved in 90: 1 0: 1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 

ed onto a column of silica gel 60 (4.5 x 16cm, 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ methanol/conc. 
ammonium hydroxide and after a forerun of 75mL, 4mL fractions were collected. Fractions 12-20 were com- 
bined and evaporated to give the title compound as a foam (0.43g). 

55 The foam (0.25g) was dissolved in hot isopropyl alcohol (2mL), was cooled to rt and filtered after one hour. 

The solid was washed with isopropyl alcohol (1.5mL) and was dried under vacuum to give the title compound 
as a white crystalline solid (0.15g). 
MP 198.20rC 
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IR (CHCI3) 3540. 3410, 2965. 2935. 2880. 2835, 2785. 1725. 1455. 1400. 1370. 1345, 1325. 1275. 1255. 1240, 
1170, 1160. 1120, 1100, 1085. 1065, 1045, 1005, 995. 975, 950. 945cm-i 

iH NMR (60'*C CDCI3) 6(ppm) 5.03 (d. H-1"), 4,92 (dd, H-13), 4.63-4.32 (m. CHjF), 4.37 (d. H-V). 3.28 (s, OMe). 
2.32 (s. N(Me)2). 0.88 (t. H-15) 

FAB mass spectrum, m/z 781, 747, 652, 605, 589, 497, 448, 432, 348. 290, 204, 158, 116 
EXAMPLE 57 

Synthesis of 9-Deoxo-8a-aza-8a-(3-fluoroprop-1-yl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromy- 
cin A ~ — 




9-Deoxo-8a-aza-3'-N-demethyf-3'-N-phenylsulfonyl-8a-homoerythromycin A (0.2g, 0.23mmol). powdered 
sodium bicarbonate (0.06g. 0.70mmol) and 1-bromo-3-fluoropropane (0.03mU 0.35mmol) were added to a 
5mL flask equipped with a magnetic stir bar. Dry dimethylformamide (0,2ml) was added and the suspension 
was stirred at 100*^0 for 92 hours, with an additional amount of 1-bromo-3-fluoropropane (0.015mL. 0.1 7mmol) 
and dimethytfomiamide (0.1 mL) beingadded at 68 hours. After cooling to room temperature, the suspension 
was partitioned between water (6mL) and methylene chloride (6mL), and the pH was adjusted to 10 with 2N 
sodium hydroxide. The methylene chloride layer was dried with anhydrous magnesim sulfate, was filtered, and 
was evaporated to a light yellow foam (0.265g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 31.5cm, 230-400 mesh, wet acked with 90:10:1 methylene 
chloride/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide and 8mL fractions were collected. Fractions 12-14 were conrv 
bined and evaprated to give the title compound as a foam (0.1 04g). 

IR (CHCI3) 3540, 3400. 2965. 2935. 2880. 2835, 1725, 1455, 1445, 1395, 1370. 1340. 1325, 1280. 1260, 1240, 
1155. 1115, 1080. 1045, 1010, 990, 950. 890cm-^ 

iH NMR (CDCI3) 6(ppm) 7.84 (d. ArH), 7.46 (dd. ArH), 7.41 (dd. ArH), 5.0 (dd. H-13), 4.83 (d, H-l"), 4.44 + 
4.34 (dt. CH2F). 4.38 (d. H-1'). 3,25 (s. OMe). 2.72 (s. N(Me)2), 0.87 (t, H-15) 

NMR (60*'CCDa3)6(ppm) 176.4. 140.2, 131.9, 128.4, 127.6. 104.9, 96.8, 90.1,83.1.81.5. 79.0, 77.8. 76.8, 

75.2, 73,9. 72.8, 70,6, 69.9. 68.6. 66.0, 58.3. 58.1. 53.4. 49.3. 49.2. 42.5. 42.0. 36.4. 35.1. 32.8. 29.7, 29.5. 

28.3. 25.2, 22.0. 21.5. 20.5, 17.7. 15.9. 15.3. 14.3, 12.9. 11.7. 11.2 
FNMR (60<'C CDCI3) 5(ppm) -220.5 (m, CHjF) 

FAB mass spetrum. m/z 921. 905. 781. 745. 636. 620. 462. 448. 318, 266 
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EXAMPLE 58 

Synthesis of 9-Deoxo-8a-aza"8a-(3-fluoroprop*1-yl)-3^-N-demethyl-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(3-fIuoroprop-1-yl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromyci A 
(0.08g, 0.087mmol) was added to a well stirred suspension of potassium dihydrogen phosphate (0.55g, 
4.0mmol) in methanol (1.5mL). The mixture was cooled in a dry ice/ ethylene glycol bath (bath temperature - 
20*C). and finely ground 6% sodiu amalgam (0.57g. 1.49mmol) was added. After 2 hours the suspension was 
added to a mixture of saturated potassium carbonate (10mL) and ethyl acetate (4mL). The ethyl acetate layer 
was removed and the aqueous layer was re-extracted with more ethyl acetat (4mL). The combined ethyl acetate 
extracts were washed with brine (4mL). dried with magnesium sulfate, filtered and evaporated to a foam 
{0.087g). 

EXAMPLE 59 

Synthesis of 9-Deoxo-8a-aza-8a-(3-fiuoroprop-1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(3-fiuoroprop-1-yl)-3'-N-demethyl-8a-homoerythromycin A (0.88g, 0.98mmol) was 
dissolved in chloroform (2mL) and was treated with 37% aqueous fonmaldehyde (0.1 mL. 0.13mmol) and 96% 
fomnlc acid (0.01 mL, 0.26mmol). The mixture was heated at 60C for 20 hours and was then cooled to room 
temperature. Water (4mL) and methylene chloride (6mL) were added and the pH was adjusted to 1 1 . The me- 
thylene chloride layer was removed and the aqueous layer was re-extracted twice with methylene chloride (4m). 
The combined pH 11 extracts were dried with anhydrous magnesium sulfate, were filtered and evaporated un- 
der vacuum to a foam (0.068g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 
ed onto a column of silica gel 80 (2.5 x 24cm, 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ methanol/conc. 
ammonium hydroxide and after a forerun of 32mL, 4mL factions were collected. Fractions 1 7-24 were combined 
and evaporated to give the title compound as a foam (0.43g). 

IR (CHCI3) 3540, 341 0, 2965, 2935, 2875, 2835. 1 725, 1 455, 1 395. 1 370, 1 345, 1 325. 1 275, 1 260, 1 240. 1 1 60, 
1115, 1105, 1085. 1045, 1010. 995. 975, 950, 890crn-^ 

NMR (CDCI3) 8(ppm) 5.0 (d. H-V), 4.96 (dd, H-13), 4.48 + 4,36 (dt. CH2F), 4.36 (d. H-V), 3,27 (s. OMe). 
2.31 (s. N(Me)2 ). 0.88 (t. H-15) 

13C NMR (60'C CDCI3) 6(ppm) 177.6. 104.6. 96.1, 88.4, 83.2. 81.6. 78,2. 77.9. 76.9, 75.5. 74.3, 72,8, 70.5, 
69.5. 65.7. 65.2, 58.7. 49.3. 46.6. 42,3, 41,4, 40,4, 35.0, 32.6. 29.8. 29.7. 29.5. 25.9, 22.0, 21.5. 21,0, 17.8. 
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16.1, 14.8, 14.6, 12.7, 12.0, 11.2 

FAB mass spectaim, m/z 796, 637, 619, 510, 281, 158, 116 
EXAMPLE 60 

Synthesis of 9-Deoxo-8a>aza-8a-((4,4,4-tfrfluoro)-but-1-yl)-3^-N-dfemethyl-3'-N-phenylsulfonyl-8a-homoery- 
thromycin A 




9-Deoxo-8a-aza-3'-N-demethyl-3'-N-pheny!sulfonyl-8a-homoerythromycin A(0.2g. 0.23mmol), powdered 
sodium bicarbonate (0.07g. 0.83mmo!) and 1-bromo-4,4.4-trifluorobutane (0.042mL, 0.35mmol) were added 
to a 5mL flask equipped with a magnetic stir bar. Dry dimethylformamide (0.2ml) was added and the suspension 
was stirred at 100**C for 68 hours. 1-bromo-4,4,4-trifluoro butane (O.OSOmL, 0.41mmol) and dimethylfonmamide 
(O.OSmL) were then added and the mixture was stirred at 1 20°C for 24 hours. After cooling to room temperature, 
the suspension was partitioned between water (8mL) and methylene chloride (6mL), and the pH was adjusted 
to lOwith 2N sodium hydroxide. The methylene chloride layer was dried with anhydrous magnesium sulfate, 
was filtered, and evaporated to a light yellow foam (0.220g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated ammonium hydrxide and 
was loaded onto a column of silica gel 60 (2.5 x 25.5cm, 230-400 mesh, wet packed with 90:10:1 methylene 
chloride/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide and after a forerun of 48mU 8mL fractions were collected. 
Fractions 12-14 were combined and evaporated to give the title compound as a foam (0.1 05g). 
IR (CHCI3) 3540, 341 0. 2970. 2935, 2880. 2835, 1 725, 1 455, 1 445. 1 395. 1 375. 1 335. 1 325, 1 280, 1 250, 1 240, 
1150, 1115. 1080. 1045. 1010. 990, 950cm-i 

NMR (CDCI3) 6(ppm) 7.86 (d. ArH). 7,47 (dd. ArH), 7.41 (dd, ArH). 5.03 (dd. H-13), 4.82 (d, H-1"). 4.42 (d, 
H-1'), 3.27 (s, OMe), 2.74 (s, N(Me)2). 0.90 (t, H-15) 
FNMR (60<^C CDCI3) 5(ppm) -66.56 (t. CF3) 
FAB mass spectrum, m/z 971.5. 813.9. 796.0, 670,3. 512.8 
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EXAMPLE 61 

Synthesis of 9-Deoxo-8a-aza-8a-((4.4,4-tnfluoro)but-1-yl)"3'-N-demethyl-8a-homoerythromycin A 



5 



10 



15 



20 



25 




9-Deoxo-8a-aza-8a-((4,4,4-trrfIuoro)but-1-yl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromyci^ 
(0.09g. O.OQSmmoi) was added to a well stirred suspension of potassium dihydrogen phosphate (0.50g, 
3.7mmol) In methanol (1.5mL), The mixture was cooled in a dry ice/ethylene glycol bath (bath temperatue - 

35 20*'C), and finely ground 6% sodium amalgam (1.27g. 3.3mmol) was added in three portions. After 3 hours the 
suspension was added to a mixture of saturated potassium carbonate (8mL) and ethyl acetate (12mL). The 
ethyl acetate layer was removed and theaqueous layer was re-extracted with more ethyl acetate (4mL). The 
combined ethyl acetate extracts were washed with brine (8mL), dried with magnesium sulfate, filtered and 
evaporated to a foam (0.085g). A sample of the foam was examined using thin layerchromatography and a sig- 

40 nificant amount of 9-Deoxo-8a-aza-8a-(4.4.4-trifluorobutyl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoery- 
thromycin A was observed. Subsequently, the reaction was repeated using the above conditions. 

The foam was added to a well stirred suspension of potassium dihydrogen phosphate (O.SOg, 3.7mmol) In 
methanol (2mL). The mixture was cooled in a dry ice/ethylene glycol bath (bath temperature -20°C), and freshly 
ground 6% sodium amalgam (0.5g, 1 .3mmol) was added. After 2 hours the suspension was added to a mixture 

45 of saturated potassium carbonate (8mL) and ethyl acetate (8mL). The ethyl acetate layer was removed and 
the aqueous layer was re-extracted with more ethyl acetate (4mL). The combined ethyl acetate extracts were 
washedwith brine (8mL), dried with magnesium sulfate, filtered and evaporated to a foam (0.079g). 

The foam was dissolved In 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 
ed onto a column of silica gel 60 (2.5 x 18cm. 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 

50 thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ methanol/conc. 
ammonium hydroxide and 4mL fractions were collected. Fractions 17-21 were combined and evaporated to 
give the title compound as a foam (0,028g). 
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EXAMPLE 62 

Synthesis of 9'Deoxo-8a-aza-8a-((4.4,4-trifluoro)but-1-yl)-8a-homoerythromycin A 



5 



10 



15 



20 



25 



30 




9-Deox(>8a-aza-8a-((4.4,4-trifluoro)but-1-y1)-3'-N-demethyl-8a-honr^ A (0.028g, 0.034mmd) 

35 was dissolved in chlorofomri (2mL) and was treated with 37% aqueous formaldehyde (0.01 mU .13mmol) and 
96% formic acid (0.01 mU 0.26mmol). The mixture was heated at 60*C for 16 hours and was then cooled to 
room temperature. Water (3mL) and methylene chlride (5mL) were added and the pH was adjusted to 1 1 . The 
methylene chloride layer was removed and the aqueous layer was re-extracted twice with methylene chloride 
(4mL). The combined pH 1 1 extracts were dried with anhydrous magnesium sulfate, were fiitred and evaporated 
40 under vacuum to give the title compound as a foam (0.027g). 

IR(CHCl3) 3540, 3410. 2965, 2935, 2875. 2830, 1725. 1455. 1395. 1375. 1345, 1280, 1250, 1160, 1105. 1085. 
1045, 1010. 995, 975. 955. 890cm-i 

NMR (CDCI3) 5 (ppm) 4.98 (d. H-l"), 4.94 (dd, H-13), 4.38 (d. H-1'). 3.27 (s. OMe). 2.30 (s. N(Me)2). 0.89 
(t. H-1 5) 

45 FNMR (eO^'C CDCI3) 5 (ppm) -66.57 (t, CF3) 

FAB mass spectrum Li spike, m/z 846.3. 830.2, 687.5. 669.4, 513.1. 268.0, 223.7, 167.8, 157.9 
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EXAMPLE 63 

Synthesis of 9-Deoxo-8a-aza-8a-(benzyl)-3^-N-demethyl-3^-N-phenylsuffonyl-8a-homoefythromycin A 




9-Deoxo-8a-aza-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromycin A (0.2g, 0.23mmol). powdered 
35 sodium bicarbonate (O.OSg, 0.70mmol) and benzylbromide (0.041 mU 0.35mmol) were added to a 5mL flask 
equipped with a magnetic stir bar. Dry dimethylfonmamide (0.2ml) was added and the suspension was stinred 
at 100°C for 20 hours. The suspension was partitioned between water (8mL) and methylene chloride (6L), and 
the pH was adjusted to 10 with 2N sodium hydroxide. The methylene chloride layer was dried with anhydrous 
magnesium sulfate, was filtered, and evaporated to a light yellow foam (0.22g). 
40 The foam was dissolved in 90:10:1 methylene chloride/metanol/ concentrated ammonium hydroxide and 

was loaded onto a column of silica gel 60 (2.5 x 25cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlor- 
ide/ methanol/concentrated ammonium hydroxide and 8mL fractions were collected. Fractions 8-12 were com- 
bined and evaporated to give the title compound as a foam (0.2g). 
45 IR(CHCl3) 3540. 3440, 2965. 2935, 2880, 2830, 1720, 1455, 1445, 1400, 1375, 1340, 1325, 1280. 1240, 1175, 
1155. 1115. 1080. 1045, 1030. 1010, 995, 950, 940. 930cm-< 

NMR (CDCI3) 5 (ppm) 7.84 (d, ArH). 7.50-7,17 (ArH). 5.02 (dd. H-13). 4.93 (d, H-l"). 4.40 (d. H-1'). 3.31 (s. 
OMe), 2.59 (s. N(Me)2). 0.85 (t. H-1 5) 

FAB mass spectrum, m/z 951.3. 935.3, 812.0, 794.0, 776.1, 696.7. 650.2. 492.9. 283.9. 266.0, 203.8. 

50 
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EXAMPLE 64 

Synthesis of 9- Deoxo-8a-aza-8a-( benzyl)- 3^- N-de me thyl-Ba-homo erythromycin A 



10 
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9-Deoxo-8a-aza-8a-(benzyl)-3'-N-demethyl-3'-N-phenyisuifonyl-8a-homoerythromycin A (0. 1 0g. 
0.1 Immol) was added to a well stirred suspension of potassium dihydrogen phosphate (0.55g. 4.0mmol) in me- 
thanol (1,5mL). The mixture was cooled in a dry ice/ethylene glycol bath (bath temperature -20**C), and finely 

40 ground 6% sodim amalgam (0.77g, 2.0mnrK5l) was added in three portions over 1.5 hours. After 3 hours the 
suspension was added to a mixture of saturated potassium carbonate (lOmL) and ethyt acetate (4mL). The 
ethyl acetate layer was renrioved and the aqueous layer was reextracted with more ethyl acetate (4mL). The 
combined ethyl acetate extracts were washed with brine (8mL). dried with magnesium sulfate, filtered and 
evaporated to a foam (0.10g). 

45 The foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 

ed onto a column of silica gel 60 (2.5 x 10cm, 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ methanol/conc. 
ammonium hyroxide and after a forerun of 16mU 4mL fractions were collected. Fractions 8-14 were combined 
and evaporated to give the title compound as a foam (0.047g). 

50 NMR (CDCI3) 6 (ppm) 7.34 (d. ArH). 7.27 (dd, ArH). 7.19 (dd. ArtH). 5.02 (dd. H-13). 4.96 (d, H-r), 4.38 (d. 

H-r). 3.27 (s. OMe), 2.37 (s, N(Me)2), 0.87 (t, H-15) 
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EXAMPLE 65 

Synthesis of 9-Deoxo-8a-aza-8a-(benzyl)-8a-homoerythromycin A 
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30 




9-Deoxo-8a-aza-8a-(benzyl)-3'-N-demethy1-8a-homoerythromycin A (0.047g, 0.058mmol) was dissolved 
in chloroform (2mL) and was treated with 37% aqueous fonmaldehyde (0.01 2mU .16mmol) and 96% fonnic acid 
(0.012mU O.SOmmol). The mixture was heated at 60°C for 1 8 hours and was then cooled to room temperature. 
40 Water (3mL) and methylene chloride (5L) were added and the pH was adjusted to 11 . The methylene chloride 
layer was removed and the aqueous layer was re-extracted twice with methylene chloride (4mL). The combined 
pH 1 1 extracts were dried with anhydrous magnesium sulfate, were filtered and evaporated under vacuum to 
give the title compound as a foam (0.024g). . 

IR(CHCl3) 3540, 3420. 2965, 2935. 2875, 2830. 1720, 1455, 1400, 1375, 1345. 1330. 1280, 1260, 1240, 1165. 
45 1160. 1105. 1085. 1065. 1045. 1010. 995. 975. 955. 890cm-i 

NMR (CDCI3) 6 (ppm) 7.42 (d, ArH), 7.29 (dd, ArH). 7.24 (dd. ArH), 5.12 (d. H-l"), 4.87 (dd. H-13), 4.36 (d. 
H-V). 3.29 (s. OMe). 2.18 (s. N(Me)2), 0.84 (t. H-15) 
FAB mass spectrum Li spike, m/z 826.4. 681.7, 667.3. 649.3. 492.8. 247.8 



55 



'o7 



EP 0 508 699 A1 



EXAMPLE 66 

Synthesis of 9-Deoxo>8a-aza-8a-(4-methoxyben2yl)-3^N-demethyl-3'-N-pheny1sulfonyl-8a-homoerythrorny- 
cin A 



10 



15 



20 
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30 




9-Deoxo-8a-aza-3'-N-dernethyl-3'-N-phenylsulfonyl-8a-honnoerythronnycin A(0.2g. 0.23mmol). powdered 
sodium bicarbonate (0.06g, O.TOmmol) and 4-inethoxybenzyl chloride (0.047mU 0.35mmol) were added to a 
5mL flask equipped with a magnetic stir bar Dry dimethyiformamide (0.2ml) was added and the suspension 

40 was stirred at lOO^'C for 20 hours. The suspension was partitioned between water (8mL) and metylene chloride 
{6mL), and the pH was adjusted to 10 with 2N sodium hydroxide. The methylene chloride layer was dried with 
anhydrous magnesium sulfate, was filtered, and evaporated to a light yellow foam. 

The foam was dissolved in 90:10:1 methylene chlride/ methanol/ concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 30cm. 230-400 mesh, wet packed with 90: 1 0:1 methylene chlor- 

45 ide/ methanol/ concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylenechlor- 
ide/ methanol/concentrated ammonium hydroxide and 4mL fractions were collected. Fractions 16-18 were 
combined and evaporated to give the titie compound as a foam (0.1 5g). 

IR (CHCI3) 3540, 3440, 2965. 2935, 2875. 2835, 1725. 1610. 1510. 1455. 1445. 1400. 1375. 1340. 1325. 1280, 

1245, 1155. 1115. 1080, 1045. 1030. 1010. 995. 950. 930cm-i 
50 NMR (CDCI3) 6 (ppm) 7.84 (d, ArH), 7.48 (dd, ArH). 7.44 (dd. ArH). 7.26 (d. ArH), 6.80 (d, ArH), 5.00 (d. H- 

1"). 4.94 (dd. H-13). 4.38 (d. H-V). 3.73 (s, ArOIVIe), 3.29 (s. OCH3), 2.60 (s. N(Me)2). 0.86 (t. H-15) 

NMR(60«CCDCl3)5(ppm) 177.0. 140.1, 132.1. 130.1, 128.6, 127.4. 113.9, 103.9, 96.2, 88.6. 78.3.77.9, 

77.1. 75.4, 74.3, 72.9. 69.8. 69.3, 68.5, 65.9, 58.1. 55.8. 55.2. 49.3, 46.0. 42.2, 41.6. 36.2, 35.2. 33.0. 28.2, 

25.7, 22.0. 21.6. 20.6. 17.8, 15. 6. 14.4, 13.8, 12.7, 11.0 
55 FAB mass spectrum Li spike, m/z 981.8, 861.9, 842.1, 806.3, 121.2 
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EXAMPLE 67 

Synthesis of 9-Deoxo-8a-aza-ea-(4'methoxybenzyl)-3'-N-demethyl-8a-homoerythroycin A 




9-Deoxo-8a-aza-8a-(4-methoxybenzyl)-3'-N-demethyl-3'-N-phenylsulfonyt-8^ A (0.1 2g, 

0.12mmol) was added to a well stirred suspension of potassium dihydrogen phosphate (0.50g. 3.7mmol) in me- 
thanol (3.0mL). Tetrahydrofuran (O.SmL) was added to clear the cloudy suspension and the mixture was cooled 
in a dry ice/ethylene glycol bath (bath temperature -20°C). Freshly ground 6% sodium amalgam (2.6g. 6.8mmol) 
was added in two portions over 1 hour. After 1.5 hours the suspension ws added to a mixture of saturated po- 
tassium carbonate (lOmL) and ethyl acetate (8mL). The ethyl acetate layer was removed and the aqueous layer 
was re-extracted with more ethyl acetate (4mL). The combined ethyl acetate extracts were washed with brine 
(mL), dried with magnesium sulfate, filtered and evaporated to a foam (0.1 2g). 
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EXAMPLE 68 

Synthesis of 9-Deoxo-8a-aza-8a-(4-methoxybenzyl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(4-methoxybenzyl)-3'-N-dernethyi-8a-horrioerythrornycin A (0.1 2g 0.122mmol) was 
dissolved In chlorofonm {5mL) and was ^ated with 37% aqueous fonmaldehyde (0.014mU 0.18mmol) and 96% 
fonnic acid (0.01 4mL, 0.37mmol). The mixture was heated at 60°C for 18 hours and was then cooled to room 
temperature. Water (6mL) an methylene chloride (6mL) were added and the pH was adjusted to 11. The me- 
thylene chloride layer was removed and the aqueous layer was re-extracted twice with methylene chlorid e 
(4mL). The combined pH 11 extracts were dried with anhydrous magnesium sulate. were filtered and evapo- 
rated under vacuum to give a foam. 

The foam was dissolved in 90:10:1 methylene chloride/methano I/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 24cm. 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
id e/methanol/concentrated amnrKJnium hydroxide). The column was eluted with 90:10: 1 methylene chloride/me- 
thanol/concentrated amnrronium hydroxide and 4mL fractions were collected. Fractions 20-24 were combined 
and evaporated to give te title compound as a foam (0.067g). 

IR (CHCI3) 3540, 3430, 2965, 2935, 2875, 2830, 1720, 1610, 1510, 1455, 1400, 1370. 1345. 1325, 1280, 1245, 
1165, 1160. 1100. 1085. 1065, 1040, 1005, 995, 975, 950, 890cm-i 

NMR (CDCI3) 6 (ppm) 7.32 (d. ArH). 6.84 (d. ArH). 5.11 (d, H-l"). 4.88 (dd, H-13), 4.37 (d, H-V), 3.76 (s. 
ArOMe), 3.29 (s, OCH3), 2.24 (s, N(Me)2), 0.85 (t, H-15) 

FAB mass spectrum Li spike, m/z 855.9, 840.2, 726.9, 698.0, 679.7, 157.9. 121.3 
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EXAMPLE 69 

Synthesis of 9-Deoxo-8a-aza-8a-(2-(2-ethoxyethoxy)eth-1-yl)-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homo- 
erythromycin A 




9-Deoxo-8a-aza-3'-N-demethyl-3'-N-phenylsulfonyl-8a-homoerythromycin A(0.2g. 0.23inmol). powdered 
sodium bicarbonate (0.06g. O.ZOmnnol) and 2-(2-ethoxyethoxy)ethyl bromide (O.OSmU 0.35mmol) were added 
to a 5mL flask equipped with a magnetic stir bar. Dry dimethylformamide (0.2ml) was added and the suspension 
was stirred at 100®C for 68 hours. The suspension was partitioned between water (8mL) and methylne chloride 
(6mL), and the pH was adjusted to 10 with 2N sodium hydroxide. The methylene chloride layer was dried with 
anhydrous magnesium sulfate, was filtered, and evaporated to a foam. 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 24cm, 230-400 mesh, wet packed with 90:10:1 methylene chlor- 
ide/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlorlde/me- 
thaol/concentrated ammonium hydroxide and 4mL fractions were collected. Fractions 18-22 were combined 
and evaporated to give the tide compound as a foam (0.1 Og). 

IR(CHCl3) 3540, 3410, 2970, 2935, 2875, 2835, 1725, 1455, 1445, 1400, 1370, 1340, 1325, 1280, 1240, 1155, 
1115, 1080, 1045, 1030, 1010, 995, 950cm-i 

NMR (CDCI3) 8 (ppm) 7.85 (d, ArH), 7.47 (dd, ArH), 7.40 (dd, ArH), 4.97 (d, H-13), 4.87 (dd, H-l"), 4.40 (d, 
H-1'), 3.28 (s, OCH3), 2.73 (s. N(Me)2), 0.87 (t, H-15) 

NMR (60°C CDCI3) 6 (ppm) 176.6, 140.2, 132.0, 128.5. 127.5, 104.5, 96.4. 88.6, 78.8, 77,8, 77.1, 75.3, 
74.2, 72.8. 70.6, 70.4, 70.2, 68.5, 66.5, 65.9, 58.0, 54.7. 51.1, 49.3, 46.9, 42.3, 36.4, 35.0, 33.0, 28.4, 25.5. 
22.0, 21.5, 20.6. 17.8, 16.2. 15.2, 15.0, 14.4. 12.9, 1.8. 11.2, 11.0 

FAB mass spectrum Li spike, m/z 977.7, 961.8, 838.1, 820.1, 722.9, 519.2, 284.0, 266.1, 197.6. 173.7. 115.4 
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EXAMPLE 70 

Synthesis of 9-Deoxo-8a-aza'8a-(2-(2-ethoxyethoxy)eth-1-yl)-3'-N-demethyl-8a-homoerythromycin A 



10 
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35 9-Deoxo-8a-aza-8a-(2-(2-ethoxyethoxy)eth-1-yl)-3'-N-demethyi-3'-N-phenylsulfonyl-8a-homoerythrom 
cin A (O.OSg, 0,05mmol) was added to a well stirred suspension of potassium dihydrogen phosphate (0.42g. 
S.lmmol) in methanol (1.5mL). The mixture was cooled in dry ice/ethylene glycol bath (bath temperature -20°C) 
and freshly ground 6% sodium amalgam (0.42g, 1.1mmol) was added in two portions over 1 hour. After 1.5 
hours the suspension was added to a mixture of saturated potassium carbonate (6mL) and ethyi aetate (4mL). 

40 The ethyl acetate layer was removed and the aqueous layer was re-extracted with more ethyl acetate (3mL), 
The combined ethyt acetate extracts were washed with brine (8mL), dried with magnesium sulfate, filtered and 
evaporated to a foam (0.49g). 
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EXAMPLE 71 

Synthesis of 9-Deoxo-8a-a2a-8a-(2-(2-ethoxyethoxy)eth-1>yl)-8a-homoerythromycin A 
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9-Deoxo-8a-a2a-8a-(2-(2-ethoxyethoxy)eth-1-yl)-3'-N-demethyl-8a-homoerym A (0.049g, O.OSnnmol) 

was dissolved in chloroform (1.5mL) and was treated with 37% aqueous formaldehyde (O.OOSmL, 0.08mmol) 
and 96% formic acid (0.006mL, 0.15mmol). The mixture was heated at SO^C for 26 hours and was then cooled 
to room temperature. Water (6mL) and methylene chloride (6mL) were added and the pHwas adjusted to 11. 

40 The methylene chloride layer was removed and the aqueous layer was re-extracted twice with methylene chlor- 
ide (4mL). The combined pH 11 extracts were dried with anhydrous magnesium sulfate, were filtered and evapo- 
rated under vacuum to a foam (.03g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated ammonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 12cm. 230-400 mesh, wet packed with 90:10:1 methylene chlor- 

45 ide/methanol/concentrated ammonium hydroxide). The column was eluted with 90:1 0:1 methylene chloride/me- 
thanol/concentrated ammonium hydroxide and 4mL fractions were collected. Fractions 12 + 13 were combined 
and evaporated to give the title compound as a foam (0.01 4g). 

IRCHCI3) 3420, 2970, 2940, 288Q. 2820, 1725, 1455, 1400, 1372, 1345, 1165. 1120, 1105, 1085, 1045. 1010, 
955cnrri 

50 NMR (CDCI3) 6 (ppm) 4.98 (d, H-r), 4.97 (dd. H-13), 4.40 (d, H-V), 3.29 (s, OCH3), 2.34 (s, N(Me)2), 0.89 
(t, H-15) 

FAB mass spectrum m/z 851. 747. 675, 563, 502, 459, 401. 355. 325. 281. 221. 158, 116 
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EXAMPLE 72 

Synthesis of 9-Deoxo-8a-aza-8a-(2,2-difluoroeth-1-yl)-3^-N-demethyl-3'-N-phenylsulfonyl-8a-homoe^^ 
mycin A 




9-Deoxo-8a-aza-3'-N-demethyl-3'-N-phenylsulfonyi-8a-honrioerythrornycin A(0.2g, 0.23mmol), trisodium- 
phosphate (0.40g. 2.4mmol) and 1-bromo-2,2-difluoroethane (0.1 mU 1.26mmol) were added to a 5mL flask 
equipped with a magnetic stir bar. Dry dimethylfonmamide (0.4nnl) was added and the suspension was stired 
at 100**C for 44 hours, with a second addition of 1-bromo-2,2-difluoroethane (0:1mL 1.26nnmol) at 18 hours 
reaction time. After cooling to room temperature, the mixture was partitioned between water (6mL) and methy- 
lene chloride (6mL) and the pH was ajusted to 10 with 2N sodium hydroxide. The methylene chloride layer was 
dried with anhydrous magnesium sulfate, was filtered and evaporated to a light yellow foam (0.1 8g). 

The foam was dissolved in 90:10:1 methylene chloride/methanol/concentrated amnnonium hydroxide and 
was loaded onto a column of silica gel 60 (2.5 x 25.5cm, 230-400 mesh, wet packed with 90:10:1 methylene 
chloride/methanol/concentrated ammonium hydroxide). The column was eluted with 90:10:1 methylene chlor- 
Ide/methanol/concentraed ammonium hydroxide and 4mL fractions were collected. Fractions 1 1-13 were com- 
bined and evaporated to give a foam (0.038g). 

The foam was dissolved in methylene chloride and was placed on two 1000 micron silica preparative thin 
layer plates. The plates were developed with 90:10:1 methylene chloride/methanol/concentrated ammonium 
hydroxide and the title compound was removed, eluted with 90:1 0:1 methylene chloride/methanol/ concentrat- 
ed amnrranium hydroxide, and evaporated to a foam (0.01 8g)- 

IR (CHCI3) 3540, 3365, 2965, 2935, 2880, 2835, 1725. 1455. 1445. 1395. 1370. 1345. 1325. 1280, 1260. 1235. 
1175, 1155, 1115, 1080, 1045. 1005. 995. 950, 945, 925cm-i 

NMR (CDaa) 6 (ppm) 7.86 (d, ArH), 7.48 (dd, ArH). 7.44 (dd, ArH), 5.96 (tt, CHF2), 4.94 (H-13+ H-l"), 4.44 
(d. H-V). 3.29 (s. OMe), 2.75 (s, N{tAehl 0.89 (t, H-15) 
FNMR (60''C CDCI3) 6 (ppm) -1 18.5 (m. CHFj) 
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EXAMPLE 73 

Synthesis of 9-Deoxo-8a-aza-8a-(2.2-difluoroeth-1-yl)-3'-N-demethyl-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(2,2-difluoroeth-1 -yl)-3'-N-demethyi-3^N-phenylsulfonyt-8a-homoefyt^ A (0.06g. 

O.OSmnnol) was added to a well stirred suspension of potassium dihydrogen phosphate (0.2g. 1 .47mmol) in me- 
thanol (2mL). The mixture was cooled in a dry ice/ethylee glycol bath (bath temperature -20**C), and finely 
ground 6% sodium amalgam (2.95g, 7.7mmol) was added all at once. After 2 hours the suspension was added 
to a mixture of saturated potassium carbonate (8mL) and ethyl acetate (6mL). The ethyl acetate layer was re- 
moved and the aqueous layer was re-extracted with more ethyl acetate (6mL). The combined ethyl acetate ex- 
tracts were washed with brine (10mL), dried with magnesium sulfate, filtered and evaporated to a foam (0.06g). 
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EXAMPLE 74 

Synthesis of 9-DeQxo-8a-aza-8a-(2,2-difluoroeth-1-yl)-8a-homoerythromycin A 




9-Deoxo-8a-aza-8a-(2,2-difIuoroeth-1-yl)-3'-N-demethyl-8a-homoerythromycin A (O.OSg, 0.078mmol) 
was dissolved in chloroform (3mL) and was treated with 37% aqueous formaldehyde (0.01 mU .13mmol) and 
96% formic acid (0.01 mL. .26mmol). The mixture was heated at 60**C for 20 hours and was then cooled to room 
temperature. After cooling to room temperature* water (6mL) and methylene chloride (6mL) were added and 
the pH was adjusted to 1. The methylene chloride layer was removed and the aqueous layer was re-extracted 
twice with methylene chloride (20mL). The combined pH 11 extracts were dried with anhydrous magnesium 
sulfate, were filtered and evaporated under vacuum to a foam (0.04g), 

The foam was dissolved in 90:10:1 methylene chloride/methanol/conc. ammonium hydroxide and was load- 
ed onto a column of silica gel 60 (2.5 x 12cm, 230-400 mesh, wet packed with 90:10:1 methylene chloride/me- 
thanol/conc. ammonium hydroxide). The column was eluted with 90:10:1 methylene chloride/ methanol/conc, 
ammonium hydroxide and 4mL fractions were collected. Fractions 20-24 were combined and evaporated to 
give the title compound as a foam (0.02g). 

IR (CHCI3) 3540, 3420, 2965, 2935, 2880, 285. 2785. 1720. 1455. 1400. 1375, 1345, 1325. 1275. 1255. 1240, 
1175. 1160, 1120. 1100. 1085, 1065. 1045. 1005. 995, 975. 950, 890cm-i 

NMR (60«C CDCI3) 5 (ppm) 6.00 (tt. CHF2), 5,02 (d, H-l"), 4.91 (dd, H-13), 4.38 (d, H-V). 3.28 (s. OMe), 
2.32 (s, N(Me)2), 0.88 (t H-15) 

NMR (SO^C CDCI3) 6 (ppm) 1 78.0, 1 1 8.7, 1 1 6.3, 1 1 3.9. 1 03.9, 95.6, 86,8. 78.0, 77.3, 75.8, 74.4, 72.8. 70.3. 
69.4, 68,6. 65.7, 65.5. 60.7, 57.4. 53.5. 49.3. 45.2. 42.0, 41.9, 40.3. 35.0. 32.9. 29.3. 26.0. 21.9, 21.5, 21.0, 
17.9. 16.1, 14.6, 13.9. 13.2. 12.2, 11.1 
FNMR (60*»C CDCI3) 6 (ppm) -1 18.5 (m, CHF2) 
FAB mass spectrum, m/z 800.6, 641.7, 496.3, 157.9. 116.3 
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EXAMPLE 75 

Synthesis of 9-Deoxor8a-aza-8a-hydroxy-8a-homoerythromycin A and 9-Deoxo-8a-aza-8a-(propl-yl)-8a-ho- 
nnoefythfX)mycin A 
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A methylene chloride (2mL) suspension of 9-Deoxo-8a-aza-8a-(prop-2-en-1-yl)-8a-honnoerythromycin A 

30 (0.2g. 0.26mmol) and sodium bicarbonate (0.065g. 0.78mmol) was cooled in an ice bath and was treated with 
3-chloroperoxybenzoic acid (0.094g. 0.542mmol). The suspension was allowed to wanm to room temperature 
after 30 minutes. After an additional 30 minutes the mixture was cooled in an ice bath and additional 3-chlor- 
operoxybenzolc acid (0.045g. 0.26mmol) was added. After 30minutes the suspension was washed with an aqu- 
eous solution of sodium bisulfite, and the methylene chloride was dried with magnesium sulfate, was filtered 

35 and evaporated to a foam. 

The above foam was dissolved in ethanol (3mL) and was hydrogenated at amospheric pressure for 45 min- 
utes in the presence of 10% palladium on carbon (50mg). The suspension was filtered through solka-floc and 
the filtrate was partitioned between water (4mL) and methylene chloride (6mL). The pH was adjusted from 2 
to 10 withthe addition of potassium carbonate. The methylene chloride was removed and the aqueous layer 

40 was re-extracted with more methylene chloride (4mL). The combined extracts were dried with magnesium sul- 
fate, were filtered and evaporated to a foam (0.1 88g). 

The foam was dissolved in methylene chloride and was loaded onto a column of basic aluminum oxide 
(2.5 X 29cm, Brockmann 1, 150 mesh, wet packed with 1% methylene chloride/methanol). The column was 
eluted with 1% methylene chloride/ methanol and 8 mL fractions were collected. Fractions 43-57 were com- 

45 bined and evaporated to give 9-Deoxo-8a-aza-8a-(prop-1-yl)-8a-homoerythromycin A as a foam (0.021g). 
Fractions 64-68 were combined and evaporated to give 9-Deoxo-8a-aza-8a-hydroxy-8a-homoerythromycin A 
s a foam (0.041 g). - 

Data for 9-Deoxo-8a-aza-8a-hydroxy-8a-homoerythromycin A 

50 

IR (CHCI3) 3420, 2970, 2935. 2880, 2835, 2785, 1720, 1455, 1420, 1400, 1375, 1345. 1325, 1280, 1240. 1180, 
1160. 1140, 1120, 1100. 1080. 1045, 1005, 975,955, 895cnri 

^HNMR (CDCI3) 6 (ppm) 5.03 (d, H-1"), 4.76 (dd. H.13). 4.35 (d, H-1'). 3.24 (s, OCH3), 2.25 (s, N(CH3)2). 0.84 
(t, CH2CH3) 

55 FAB mass spectrum, m/z 751.7. 735.6, 619.6, 593.8, 575.6, 559.8, 418.4, 158.2 
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EXAMPLE 76 

Synthesis of 9-Deoxo-8a-aza-8a-acetyl-8a-homoerythromycin A by Acylation of 9-Deoxo-8a-aza-8a-homo- 
erythromycin A 




Acetic anhydride (540 ^^ 5.72 mmol) and 9-deoxo-8a-aza-8a-homoerythromycin A (210 mg. 0.286 mmol) 
were combined in pyridine (1 ml) and stirred for two hours. The mixture was partitioned between chloroform 
and aqueous potassium carbonate. The organic layer was separated, washed with brine, dried through a plug 
of sodium sulfate and evaporated to dryness to yield an off white foam. The crude product was dissolved in 
methanol (3 ml) and aged 18 hours to methanolyze the 2'-ester. This solution was reduced and subjected to 
flash chromatography using a stepwise gradient of 0.1 to 0.5 to 1% ammonium hydroxide in 20% methanol/me- 
thylene chloride to afford 9-deoxo-8a-a2a-8a-acetyl-8a-honrK)erythromycin A (193 mg. 87% yield) as a white 
solid. 

iH NMR (400 mHz, CDCI3, 60<»C) 6 5.34 (d, H-l"), 4.98 (dd. H-13), 3.23 (s, OCH3), 2.23 (s.N(CH3)2). 
1^ NMR (100.6 MHz, CDCI3, 60*>C) d 176.14. 173.65, 103.66 (C-V), 97.51 (C-l"). 
FAB-MS (lithium spike) m/z 783. 
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EXAMPLE 77 

Synthesis of 9-Deoxo-8a-aza-8a-glycyl-8a-homoerythromycin A by Acylation of 9-Deoxo-8a-aza-8a-homCK 
erythromycin A 

5 



10 



15 



20 




N-benzytoxycarbonyl glycine (627 mg, 3 mmol) was suspended in methylene chloride (20 ml) and 1-cy- 
ciohexyl-3-(2-morpholinoethyt)carbodiimide metho-p-toluenesulfonate (636 mg, 1.5 mmol) was added in one 
portion. The suspension clarified briefly. After one hour, the suspension was reduced in volume by rotary evap- 

30 oration and partitioned between ethyl acetate and cold pH 4 phosphate buffer. The organic layer was separated 
and washed with chilled brine, chilled aqueous sodium bicarbonate, and chilled brine, then dried through a plug 
of sodium sulfate onto magnesium sulfate. The suspension was filtered into hexanes and evaporated to dry- 
ness. The solid was redissolved in methylene choride, hexane was added and the solution was evaporated to 
dryness and subjected to high vacuum for one hour to afford the crude anhydride (472 mg. 1.18 mmol, 79% 

35 yield). A solution of 9-deoxo-8a-aza-8a-homoerythromycin A (1 75 mg. 0.236 mmol) in pyridine (3 ml) was add- 
ed in one portion to the crude anhydride. After 5 hours, the mixture was partitioned between chlorofomrj and 
aqueous potassium carbonate. The organic layer was separated, washed twice with brine, dried through a plug 
of sodium sulfate and evaporated to dryness after removing pyridine by azeotroping twice with toluene. This 
crude product was subjected to flash chromatography using a stepwise gradient of 0.1 to 0.5 to 1 % ammonium 

40 hydroxide in 20% methanolic methylene chloride to afford the N-benzyloxycarbonyl derivative of 9-deoxo-8a- 
aza-8a-glycyi-8a-homoerythromycin A (112 mg. 48% yield) as a white solid. 

This product was combined with 10% palladium on carbon (50 mg) in ethanol (3 ml) and acetic acid (50 
ml) and hydrogen was bubbled through the suspension for 70 minutes. The suspension was filtered through 
Celite, reduced, and partitioned between chloroform and aqueous potassium carbonate. The organic layer was 

45 separated, washed twice with brine, dried through a plug of sodium sulfate and evaporated to dryness to afford 
9-deoxo-8a-aza-8a-glycyl-8a-homoerythromycin A (77 mg. 90% yield) as a white solid. 

NMR (400 MHz, CDCI3) 6 4.98 (dd, H-13). 4.80 (d, H-r), 3.21 (s, OCH3). 2.23 (s, N(CH3)2). 
NMR (100.6 MHz, CDCI3) 5 176.22, 176.08, 104.01 (C-V). 98.44 (C-l"). 
FAB-MS m/z 792, 634, 477. 158. 

50 



55 
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EXAMPLE 78 

Synthesis of 9-Deoxo8a-aza-8a-(Leu-Gly)-8a-homoerythroinycin A by Acylation of 9-Deoxo-8a-aza-8a-g(y- 
cyl-8a-homoerythromycin A 

5 




To a suspension of N-benzyloxycarbonyf leucine (45 mg, 0.17 mmol) and 9-deoxo-8a-aza-8a-glycyl-8a- 
homoerythromycin A (123 mg, 0,155 mmol) in methylene chloride (1 ml) was added in one portion 1 -cyclohexyl- 

50 3-(2-morpholinoethyl)cart>odlimide metho-p-toluenesulfonate (72 mg, 0.17 mmol). After 18h. the suspension 
was partitioned between chloroform and aqueous potassium carbonate. The organic layer was separated and 
washed twice with brine, dried through a plug of sodium sulfate, concentrated and subjected to flash chroma- 
tography using acetone as eluent to afford the N-benzyloxycart>onyl derivative of 9-deoxo-8a-aza-8a-(Leu- 
Gly)-8a-homoerythromycin A (102 mg, 63% yield) as a white solid. This product was combined with 10% pal- 

55 ladium on charcoal (83 mg) in ethanol (7.5 ml) and acetic acid (100 \J^). Hydrogen was bubbled through the 
suspension for 2 hours before a hydrogen-filled balloon was installed. After 16 hours, the suspension was fil- 
tered through Celite, reduced, and partitioned between chloroform and aqueous potassium carbonate. The or- 
ganic layer was separated, washed twice with brine, dried through a plug of sodium sulfate and evaporated to 
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dryness to afford 9-deoxo-8a-aza-8a-(Leu-Gly)-8a-honnoerythromycin A (73 mg, 82% yield) as a white solid. 

NMR (400 MHz, CDCI3) 6 4.96 (dd, H-13). 4.82 (d, H-l"), 3.21 (s. OCH3), 2.21 (s. N(CH3)2). 
^^C NMR (100.6 MHz. CDCI3) 6 176.08, 175.78, 171.05. 104,25 (C-V). 98.63 (C-1"). 
FAB-MS m/z 905, 747, 555. 158. 

EXAMPLE 79 

9-Deoxo-8a-aza-8a-phenylsulfonyl-8a-homoefythromycin A 



15 



20 



25 



30 



35 




To 9-deoxo-8a-aza-8a-homoerythromycin A (12.5 g. 17.0 mmole, 1.0 eq.) in 1,2-dlchloroethane (170 mL) 
as added triethylamine (7.6 mL. 54.5 mmole. 3.2 eq) and benzenesulfonyl chloride (2.4 mL, 18,8 mmole. 1.1 
eq). The reaction mixture was refluxed for 18 hours, after which additional benzenesulfonyl chloride (0.5 mL. 

45 0.3 eq) and triethylamine (1 .8 mL. 0.8 eq) were added. After refluxing for an additional 1 50 minutes the reaction 
was quenched with aqueous NaHCOa and diluted with methylene chloride. After separating the aqueous and 
organic layers, the organic was washed twice more with aqueous NaHCOa (750 mL total volume). The organic 
layer was dried over MgSO^. filtered and evaporated. The recovered foam was pumped on high vacuum over- 
night, giving the title compound (14.0g, 94%), 

50 iH NMR (400 MHz. CDCI3, 53''C): 5 7.80 (2H. d. ArH). 7.48 (3H. m. ArH). 5.03 (1H. dd. H-13), 4.97 (1H, d. H- 
r). 4.51 (1H, d. H-V). 4.37 (1H, m. H-8). 4.32 (1H. d. H-3). 4.06 (1H. m. H-5"), 3.71 (1H. d. H-5), 3.65 (1H. d, 
H-11), 3.57 (1H, m. H-5'). 3.35 (1H, m. H.9). 3.29 (3H. s, OCH3), 3.24 (1H. m, H-2'). 3.04 (1H. t. H-4''), 2.81 
(1H. t. H.2). 2.74 (1H. dd. H-7). 2,51 (1H, t. H-3'). 2.34 (1H. s. H-2"). 2.29 (6H, s. N(CH3)2). 1.93 (2H, m. H-4 
& H-14), 1.65 (1H. d. H-4'). 1.59 (1H. dd, H-2'') ppm. 

55 FAB MS (Li spike): m/z 882 (M+Li) 
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EXAMPLE 80 

2^-0-Acetyl-9-deoxo-8a-methyl-8a-aza-8a-homoerythromycin A 




To 9-deoxo-8a-methyl-8a-aza-8a-homoerythromycin A (5.45 g, 7.32 mmole, 1.00 eq) was added ethyl 
acetate (45 mL) and acetic anhydride (1.04 nnL, 11.10 mmole, 1.50 eq). The mixture was stirred for 18 hours 
at room temperature, after which water was added followed by ethyl acetate and enough HCI to reduce the pH 
to 2.5. The organic layer was discarded and the aqueous layer was basified to pH 9.5 with 2N NaOH. The aqu- 
eous layer was then extracted twice with ethyl acetate (1 00 mL) and dried over Na2S04. After filtration of the 
drying agent the filtrate was evaporated and the resultant foam was pumped overnight on high vacuum to give 
5.57 g (96%) of the title compound. 

NMR (400 MMz^CDCIa. 20°C): 6 5.10 (1H, d, H-1"). 4.77 (1H. dd, H-13). 4.72 (1H,m, H.2'), 4.46 (1H, d. H- 
V), 4.41 (1H. br s. H-3). 3.98 (1H, m, H-5''), 3.43 (3K m. H-5. H-ll. & H-5'), 3.31 (3H. s. OCH3), 3.02 (1H, t, 
H-4''), 2.92 (1H, m. H-8). 2.73 (1H, m. H-2), 2.70 (1H, s, OH). 2.60 (1H. m. H-3'), 2.48 (1H. t. H-9), 2.23 (6H, 
s, N(CH3)2). 2.07 (3H. s. Sa-CHa). 2.03 (3H, s. OCOCH3), 1.90 (1H. m. H-14). 1.54 (1H. dd. H-2"). 1.45 (1H, 
m. H-14) ppm. 
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EXAMPLE 81 

2'-0*Acetyl-4"-Q'Carbobenzoxy-9-deoxo-8a-methyl-8a-aza-8a-homoerythromycin A 



10 



15 



20 



25 



30 




To 2'-0-acetyi-9-deoxo-8a-methyl-8a-aza-8a-homoerythromycin A (5.25 g, 6.65 mmole, 1.00 eq) in 
35 CH2CI2 (65 mL) at -20°C, was added DMAP (3.24 g, 26.58 mmole, 4.00 eq) and benzyl chlorofonnate (2.84 
mU 1 9.95 mmole. 3.00 eq). The reaction mixture was stirred at -20^C for 90 hours, then quenched with aqueous 
NaHCOa, and extracted with CH2CI2. The organic layer was washed a second time with aqueous NaHCOa and 
then dried over Na2S04. Following filtration of the drying agent the filtrate was evaporated. Purification by silica 
gel chromatography (60% EtOAc/40% toluene) gave 4.27 g (70%) of the title compound. 
40 NMR (400 MHz. CDCI3. 53*»C): 6 7.32 (5H. s. ArH). 5.17 (2H. q. OCOOCHaPh) 5.11 (1H. s. H-l"), 4.80 (1H, 

d. H-13). 4,71 (1H, br m. H-2'), 4.53 (1H. d. H-V). 4.46 (2H, m. H-3 & H-4''). 4.35 (1H. m. H-5"), 3.57 (1H, m. 
H-5'). 3.43 (2H. m. H-5 & H-11). 3.29 (3H, s. OCH3). 2.22 (6H. br s. N(CH3)2). 2.04 (3H. br s. 8a-CH3), 1.98 
(3H, br s. OCOCH3), 1.88 (1H. m, H-14). 1.59 (1H, dd. H-2''), 1.45 (1H. m. H-14) ppm. 
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EXAMPLE 82 

2^-Q-Acetyl-4"-0-carbobenzoxy-(11-OJ2-Q-oxomethylene)-9-deoxcK8a-methyl-8a-aza-8a-homoer^^ 
cin A " 




To 2'-0-acetyl-4"-0-carbobenzoxy-9-deoxo-8a-methyl-8a-aza-8a-homoerythromycin A (100 mg. 0.11 
mmole, 1.00 eq) was added THF (700 ^L). IJ'-carbonyldiimidazole (83 mg. 0.51 mmole, 4.70 eq) and NaH 
(1 1mg, 0.23 mmole, 2.10 eq; 50% wt dispersion in oil). The reaction mixture was heated to 60*C for 20 minutes, 
after which the reaction mixture was cooled and diluted with ethyl acetate. The organic layer was washed three 
times with water, dried over Na2S04, filtered and the filtrate evaporated to give 90 mg of the tide compound as 
a foam (88%). 

IR(CH2a2): 1800 cnrr^ (cartronate) and 1735 cm-^ (lactone). Polystyrene 1596 cm-'. 
FAB MS (U spike): m/z 958 (M+Li). 
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EXAMPLE 83 

(11-0.12-0-Qxomethylene)-9-deoxo-8a-methyl-8a-aza-8a-homoefythromycin A 



10 



15 




OCBZ 



25 



30 




To 2'-0-acetyl-4'*-0-carbobenzoxy-(11-OJ2-0<>xomethylene)-9-deoxc>8a-methyl-8a-aza-8a-homoery- 
thromycin A (29 mg. 0.03 mmole) was added methanol (1.25 mL) and 10% Pd/C (7.5 mg). The flask was evac- 
uated and saturated with H2. After 48 hours the reaction mixture was filtered through celite and the filtrate evapo- 
rated. The foam that was isolated was purified twice by silica gel chromatography (95% CH2Cl2/5% CH3OH) 

40 to give 12.4 mg (53% ) of the title compound. 

iH NMR (400 MHz, CDCI3, 53°C): 6 5.18 (1H. d, H-V), 4.92 (1H. dd. H-13). 4.75 (1H, brs. H-3). 4.51 (1H, d. 
H-1'). 4.24 (1H, m. H-11). 4.02 (1H, m. H-S"). 3.65 (1H. d, H-5), 3.57 (1H. m. H-S'), 3.31 (3H. s, OCH3). 3.28 
(IK m, H-2'). 3.03 (2H. m. H-4'' & H-S), 2.80 (1H. q. H-2), 2.57 (1H. br m. H-3'), 2.34 (6H, N(CH3)2). 2.18 (3H, 
br s. 8a-CH3) ppm. 

45 FAB MS (Li-spike): nrVz 781 (M+Li) 



50 



55 
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EXAMPLE 84 

Synthesis of 4"-0-phenylacetyl-8a-a2a-8a-methyl-9-deoxo-8a-homoerythromycin A by acylation of Sa-aza- 
8a-methyl-9-deoxo-8a-homoerythromycin A: 




Phenylacetic acid (182 mg. 1.3 mmol) was added to a solution of 8a-aza-8a-methyf-9-deoxo-8a-homoer- 
ythromycin A (250 mg, 0.33 minol) in 2 mL of dry dichloromethane then 1.3-dicyclohexylcarbodiimide (DCC. 
276 mg, 1.3 mmol) was added followed by 4-dimethylaminopyridine (DMAP. 20 mg. 0.16 mmol). The resulting 
reaction mixture (white ppt) was stin-ed at room temperature for 22 hours. The mixture was then diluted with 
dichloromethane (4 mL) and filtered. The solid was washed with dichloromethane (3 mL). The combined filtrates 
were added to 5% aqueous K2CO3. The layers were separated and the aqueous layer was extracted with di- 
chloromethane (2x2 mL). The combined extracts were dried over magnesium sulfate, filtered, and evaporated 
under vacuum to a light yellow foam. The crude product was dissolved in methanol and the resulting solution 
was stirred at room temperature for 18 hours (to cleave 2'-0-ester). The solvent was then evaporated and the 
residue was purified by flash chromatography on silica gel eluted with 95.5 : 3 : 1 .5 chloroform : methanol : satu- 
rated methanolic ammonia. The fractions containing the desired product (Rf 0.20) were combined and evapo- 
rated under vacuum to afford 4''-0-phenylacetyl-8a-aza-8a-methyl-9-deoxo-8a-homoerythromycin A as an oil 
(116 mg, 40% yield). 

NMR (400 MHz. CDCI3. 53<»C) 5 7.34-7.18 (5 H. m. Ar-H), 4.67 ( 1 H. d, J = 10 Hz. H-4''). 3.67 & 3.60 (2 x 
1 H. 2 d. J = 14 Hz. ArCHsCO). 3.28 (3H, s. OCH3). 2.35 (6H. s. N(CH3)2). 2.02 (3 H. s. NCH3). 
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EXAMPLE 85 

Synthesis of 4"-0-(4>methoxyphenyi)-acetyl-8a-aza-8a-methyl-9-deoxo-8a-hQmoerythromycin A by acyla- 
tion of 8a-aza-8a-methyl-9-deoxo-8a-homoerythromycin A: 




Substitution of 4-methoxyphenylacetic acid (222 mg, 1 .3 mmol) for phenylacetic acid in the procedure de- 
scribed above for the synthesis of 4''-0-phenylacetyi-8a-aza-8a-methyl-9-deoxo-8a-homoerythromycin A af- 
forded 4''-0-(4-nnethoxyphenyl)-acetyi-8a-aza-8a-methyl-9-deoxo-8a-homoerythromycin A (Rf 0.19) as a 
white foam (142 mg, 48% yield). 

NMR (400 MHz, CD3OD, 53*»C) 6 7.21 (2 H. d. J = 8 Hz/Ar-H), 6.86 (2 H, d, J = 8 Hz, Ar-H). 4.64 ( 1 H, d, 
J = 10 Hz, H-4''), 3,78 (3 H. s, ArOCHj), 3.64 & 3.56 (2 x 1 H, 2 d. J = 15 Hz, ArCHjCO), 3.33 (3H, s, OCH3), 
2.44 (6H. s. N(CH3)2). 

EXAMPLE 86 

2'-0-Acetyl-9-deoxo-8a-aza-8a-methyi-8a-homoerythromycin A 
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To a solution of 1.5 g (2,0 mmol) of 9-deoxo-8a-aza-8a-nnethyl-8a homo erythromycin A in 30 ml of ethyl 
acetate at room temperature was added 0.306 g (2,99 mmol) of acetic anhydride and the mixture was stirred 
for 24 hours. To the reaction was then added 30 ml of water and the mixture was stirred for an additional 30 
minutes. The pH of the aqueous layer was adjusted to the 2-3 range with 1N hydrochloric acid and the organic 
and aqueous layer were separated. The pH of the aqueous layer was then adjusted to the 9-10 range with IN 
sodium hydroxide solution and extracted ''with ethyl acetate. The ethyl acetate layer was washed with brine, 
dried (anhydrous sodium sulfate), and evaporated to yield 1.47 g (93% yield) of the title compound as a white 
foam. 

TLC Rf 0.37 (CH2Cl2-MeOH-NH40H. 9:1: 0.1) 
MP softens at 100-2°C, melts at 114-1 17°C 

iH NMR (400 MHz, CDCI3) 6 5.09 ( d, H-1"). 4.81 (dd, 8-13). 4.70 (dd. H-2'). 4.48 (br. H-3), 4.46 (d, H-V), 3 30 
(s, OCH3). 2.22 (s. N(CH3)2). 2.03 (S.OCOCH3). 1.99 (s. NCH3). 

13C NMR (400 MHz. CDCI3) 6 178.41. 169.89. 100.46. 94.17. 84.15. 78.16, 76.72, 75.95, 75.69. 74.75, 72.91, 
71.49, 68.60, 66.53, 65.14. 63.69. 59.59, 56.41, 49.32. 46.26, 42.59. 40.66, 35.86, 34.70, 30.52, 30.28, 27.75^ 
21.98. 21.66. 21.48. 21.10. 18.14, 16.27. 14.21. 12.57, 11.89, 11.66. 11.38. 
FAB Mass Spectrum (Li spike) , m/z 797. 633. 574, 555. 

EXAMPLE 87 

2'-Q-Acetyl-4"-deoxy-4"-oxo-9-deoxo-8a>aza-8a-methyl-8a-homoerythromycin A 




To a solution of 5.9 g (7.4 mmol) of 2'-0-Acetyl-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A in 100 
ml of dry methylene chloride under nitrogen at room temperature was successively added 5.3 ml (74.7 mmol) 
of dimethyl sulfoxide. 7.15 g (19.5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 
7.15 g (37 mmol)of pyridinium trifluoroacetate. The reaction mixture was stirred for 2 hours, at which point 300 
ml of ethyl acetate followed by 100 ml of water was added. The pH of the solution was adjusted to the range 
of 9-10 with IN sodium hydroxide solution. The ethyl acetate layer was washed with brine, dried (anhydrous 
sodium sulfate) and evaporated. Silica chromatography with ethy! acetate-acetone-ammonium hydroxide 
(9:1:0.1) gave 4.8 g (82% yield) of the title compound as a white solid. 
TLC Rf 0.47 (EtOAo-Acetone-NH40H. 10 : 1 : 0.1) 
MP 68 -70^C 

^H NMR (400 MHz. CDCI3) S 5.49 ( t. H-l"). 4.85 (dd. H-1 3), 4.66 (dd. H-2'). 4.63 (br, H-3). 4.40 (q. H-5"), 4.36 
(d. H-1'). 3.28 (s. OCH3). 2.20 (s. N(CH3)2). 2.07 (s. OCOCH3). 2.02 (s. NCH3). 

NMR (400 MHZ. CDCI3) 5 212.19, 178.62. 169.82, 99.77. 95,53. 83.81. 77.47. 77.34, 77.02. 74.69. 71,52. 
71.25. 69.06. 66.55. 63.59. 59.89. 56.67. 51.31. 44.43. 40.59. 40.46. 36.74. 36.62. 30.74. 30.70. 30.50, 30.10, 
29.22. 27,64. 22.00, 21.46. 21.40, 21.08, 16.23. 15.71, 13.75, 12.48. 11.89. 11.30. 
FAB Mass Spectrum, m/z 789. 630. 599. 575. 551. 
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EXAMPLE 88 

4"-deoxy-4"-oxo-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 



5 



10 



15 




A solution of 4.8 g (6.1 mmol) of 2'-0-Acetyl-4"-deoxy-4"-oxo-9-deoxo-8a-aza-8a-methyl-8a-homoery- 
thromycin A in 160 mt of methanol was stirred at room temperature for 48 hours. Evaporation of the solvent 
gave 4.52 g (99% yield) of the title compound. 
20 TLC Rf 0.44 (CH2Cl2-MeOH-NH40H. 9.3 : 0.7 : 0.1) 
MP softens at 73*^0, melts at 88-89°C 

m NMR (400 MHz, CDCI3) 5 5.44 ( t, H-l"). 4.82 (dd. H-13), 4.55 (br. H.3), 4r42 (q. H-5"), 4.22 (d, H-1'), 3.28 
(s, OCH3), 3.15 (dd. H-2'). 2.24 (s. N(CH3)2), 2.00 (s, NCH3). 

13C NMR (400 MHZ, CDCis) 5 212.19, 178.89. 103.61, 95.32, 85.37, 77.47, 77.35. 77.13. 75.45, 74.88, 71.53. 
25 70.37. 69.38, 66.30, 65.40, 59.50, 56.44, 51 .29, 45.08, 42.45, 40.24, 36,63. 36.38, 36.30, 30.49, 28.50, 27.69, 
21.90, 21.41, 21.30, 16.35, 15.85, 14.15, 12.45, 11.91. 11.83. 11.30. 
FAB Mass Spectrum (Li spike) , m/z 753, 573. 398, 256. 

EXAMPLE 89 

30 

4"-epi-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 




45 To 0.10 g (0.13 mmol) of 4''-deoxy-4"-oxo-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A in 15 ml of 

dry tetrahydrofuran under nitrogen at room temperature was added 0.35 ml of lithium tri-tert-butoxy alumino- 
hydride (1.0 M solution in THF). The reaction was judged to be complete by TLC after 15 minutes. The reaction 
mixture was quenched with 5 ml of water followed by 30 ml of ethyl acetate. The pH of the solution was adjusted 
to the range of 9-10 with IN sodium hydroxide solution. The ethyl acetate layer was separated and washed 

50 with brine, dried (anhydrous sodium sulfate), and evaporated. The mixture of 9-deoxo-8a-aza-8a-methyl-8a- 
homoerythromycin A and the 4''-epimer was separated by preparative TLC. The plate was eluted with CHCI3- 
acetone-NHaOH, 6 : 4 : 0.2 and was developed twice to yield 35 mg (35 % yield) of the title compound. 
TLC Rf 0.37 (CHCl3-Acetone-NH40H, 3:3: 0.2) 

^H NMR (400 MHz. CDCU)^ 5.13 ( br, H-l"), 4.77 (br, H-13), 4.55 (q. H-5"), 4.40 (br, H-3), 4.36 (d, H-1'), 3.27 
55 (s, OCH3). 3.14 (dd, H-2'). 2.24 (s. N(CH3)2). 1-92 (s, NCH3). 
FAB Mass Spectmm (Li spike), m/z 755, 591, 573, 159, 117. 



109 



EP 0 508 699 A1 



EXAMPLE 90 

Synthesis of 4"-methoximino-4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A by oximation of 
4"-oxo4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A: ~ 




Pyridine (0.20 mU 2.5 mmoi) was added to a solution of 4''-oxo-4''-deoxy-9-deoxo-8a-aza-8a- methyl -8a- 
homoerythromycin A (200 mg. 0.27 mmol) in 2 mL of absolute ethanol then methoxyl amine- hydrochloride (67 
mg. 0.80 mmol) was added. The resulting solution was stirred at room temperature for 42 hours then the solvent 
was removed under vacuum. The residue was partitioned between dichloromethane (4 mL) and 5% aqueous 
potassium carbonate (4 mL). The aqueous layer was extracted with dichloromethane (2x3 mL) and the com- 
bined organic extracts were dried over magnesium sulfate, filtered, and evaporated to a colorless oil (265 mg). 
The crude product was purified by flash chromatography on silica gel (3.5 x 20 cm column eluted with 95.5 : 
3 : 1.5 chloroform : methanol : saturated methanolic ammonia, collecting 50 mL fractions). Analytical TLC of 
the fractions indicated that fractions 6-12 contained the desired product (Rf 0.27). These fractions were com- 
bined and evaporated under vacuum to afford 4''-methoximino-4'*-deoxy-9-deoxo-8a-a2a-8a-methyl-8a-homo- 
erythromycin A as a coloriess oil (195 mg. 94% yield, ca. 5:1 mixture of E and Z oxime isomers at 0-4"). 

NMR (400 MHz, CDCI3) 6 4.98 (1 H. q, J = 7 Hz, H-5"). 3.84 (3 H. s, NOCH3), 3.32 (3 H, s. OCH3). 2.25 (6 
H, s, N(CH3)2). 1.97 (3 H. s, NCH3). 
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EXAMPLE 91 

Synthesis of 4"-benzyloximincH4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A by oximation 
of 4"-oxo-4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A: 




Substitution of O- benzyl hydroxyl amine-hydrochloride (128 mg. 0.80 mmol) for methoxylamine-hydrochlor- 
ide in the procedure described above for the preparation of 4"-methoxinDino-4"-deoxy-9-deoxo-8a-aza-8a-me- 
thyl-8a-homoerythromycin A afforded 4"-benzyloximino-4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoery- 
35 thromycin A as a colorless oil (Rf 0.38. 202 mg, 90% yield, ca. 7:1 mixture of E and Z oxime isomers at C-4"). 
iH NMR (400 MHz, CDCia) 6 7.38-7.22 (5 H, m, Ar-H). 5.14 & 5.07 (2 x 1H, 2 d. J = 12 Hz, ArCHjO). 4.96 (1 
H, q, J = 7 Hz, H-5"), 3.27 (3 H, s. OCH3), 2.22 (8 H. s. N(CH3)2), 197 (3 H. s, NCH3). 
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EXAMPLE 92 

4"-Deoxy-4"-hydra2ono-9-deoxo>8a-aza-8a-fnethyl-8a-homoerythromycin A 




To a solution of 27.5 mg (0.036 mmol) of 4"-deoxy-4"-oxo-9-deoxo-8a-aza-8a-methyl-8a-homoerythromy- 
cin A in 1 ml of methanol was added 14.0 mg (0.20 mmol) of hydrazine hydrochloride followed by 31.6 mg (0. 
40 mmol) of pyridine. The resulting mixture was stinred for 72 hours at room temperature. The methanol was 
then removed under vacuum and the residue was dissolved in 1 ml of water and 10 ml of ethyl acetate. The 
pH of the solution was adjusted to the range of 9-10 with IN sodium hydroxide solution. The ethyl acetate layer 
was washed with brine, dried (anhydrous sodium sulfate), and evaporated. Silica chromatography with CH2CI2- 
methanol-NH40H, 95 : 5 : 1 afforded 22.5 mg (80 % yield) of the title compound as a mixture of E and Z isomers. 
TLC R, 0.30 (CH2Cl2-MeOH-NH40H. 9.3 : 0.7 : 0.1) 
MP 115- 118*^0 

iH NMR (400 MHz, at eO^C.CDCIa) 6 6.09 (br. NH2). 5.29 ( dd, H-l"). 4.86 (dd, H-13). 4.56 ( br. H-3). 4.51 (q, 
H-5"). 4.27 (d, H-r), 3.20 (s. OCH3). 2.27 ( s, N(CH3)2), 2.03 (s. NCH3). 
FAB Mass Spectnjm (Li spike), m/z 767,9. 591.7. 573.6. 

EXAMPLE 93 

4">deoxy-4''-hydroxyimino-9-deoxo-8a>aza-8a-methyl-8a-homoerythromycin A 




To 2.5 g (3. 3 mmol) of 4''-deoxy-4'*-oxo-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A in 20 ml of 
methanol was added 2.7 ml (33 mmol) of pyridine followed by 1 .2 g (16 mmol) of hydroxylamine hydrochloride. 
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The resulting mixture was stirred for 48 hours at room temperature. Then the methanol was removed under 
vacuum and the residue was dissolved in 50 ml of water and 100 ml of ethyl acetate. The pH of the solution 
was adjusted to the range of 9-10 with IN sodium hydroxide solution. The ethyl acetate layer was washed with 
brine, dried (anhydrous sodium sulfate), and evaporated. Silica chromatography with CH2Cl2-methanol-NH40, 
5 93 ; 7 : 1 afforded 1.5 g (58% yield) of the title compound as a mixtures of E and Z isomers. 
TLC Rf 0.37 (CHCl3-Acetone-NH40H. 3:3: 0.2) 
MP softens at 122''C, melts at 131-136^0 

m NMR (400 MHz. CDCI3) 6 5.19 ( t. H-1"), 5.06 (q. H-5"), 4.81 (dd, H-13), 4.38 (q, H-3). 4.23 (d. H-l'). 3.25 
(s. OCH3), 3.17 (dd, H-2'), 2.23 (s, N(CH3)2), 1.96 (s, NCH3). 
10 NMR (400 MHZ, CDCI3) 5 178.58, 160.64. 103.16, 95.18, 84.95. 78.51. 77.35, 77.24, 77.04, 74.69, 70.66. 

70.50, 69.38, 68.95, 66.62, 65,57, 65.40, 59.41. 56.24, 51,14, 50,45, 45.16, 42.03, 40.31, 39.45. 30.52^ 28,95! 
27.76. 25.27. 23.13, 21.87, 21.77, 21.33. 17.60, 16.98, 16.34. 14.84, 12.47, 12.05, 11.30, 11.05. 
FAB Mass Spectrum (Li spike), m/z 768, 574, 416, 306 

15 EXAMPLE 94 

4"-Deoxy-4"'amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 




30 

A solution of 0.50 g (0.65 mmol) of the oxime' mixture (prepared as described in the previous example) in 
5 ml of acetic acid was hydrogenated over 0.50 g of platinum oxide at 1000 psi at room temperature, initially 
for 48 hours. This was followed by a fresh addition of 0.20 g of platinunh oxide and the reaction was continued 
for another 24 hours under 1000 psi. The reaction mixture was filtered and the acetic acid was removed under 
35 vacuum. The residue was dissolved in 10 ml of water and 50 ml of ethyl acetate. The pH of the solution was 
adjusted to the range of 9-10 with IN sodium hydroxide solution. The ethyl acetate layer was separated arid 
washed with brine, dried (anhydrous sodium sulfate), and evaporated to give 0.47 g (95% yield) of the title com- 
pound. The product was shown by proton NMR to be a mixture of 4"-(S) ( 6 4,61, q , H-5") and 4"-(R) ( 5 4.00, 
br, H-5'') amines, approximately in the ratio of 2 : 1 . 

40 
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EXAMPLE 95 

Separation of 4"-Deoxy-4"-(S) and 4"-(R)- amino-9-deoxo-8a-aza-8a-methyi-8a-homQerythromycin A 




To a solution of 0.05 g (0.06 nnmol) of the 4".amino isomers, prepared as described in the previous example, 
in 1.5 ml methylene chloride at room temperature was added 0.027 g (0.080 mmol) of N-(9-fluorenyimethoxy- 
carbonyloxy)succinimide (FMOC-ONSu) followed by 0.050 ml (0. 33 mmol) offriethyl amine. The reaction mix- 
ture was stinred for 40 hours. The solvent was removed under vacuum and the residue was purified by prepa- 
rative thin layer chromatography. The plate was developed with EtOAc-hexane-MeOH-NH40H (8 : 2 : 0.15 : 
0.15). Two compounds were isolated and the NMR analysis revealed that the less polar component (Rf = 0.48, 
8 4.05, m, H-5'', 16.8 mg) was identified as an FMOC derivative of 4''.(S) amine (equatorial) and the slightly 
more polar component (Rf = 0.44, 5 4.66, q, H-5'',6.6 mg) was identified as FMOC derivative of 4"-(R) amine 
(axial). 

EXAMPLE 96 

FMOC deprotection to give 4"-Deoxy-4"-(S) - amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 




To 16.8 mg of the 4''-(S)-FMOC derivative was added 0.25 ml of piperidine and the mixture was stirred at 
room temperature. After 15 minutes TLC showed that the reaction was complete at which point piperidine was 
removed under vacuum and the residue purified by silica chromatography. Elution with CH2Cl2-MeOH-NH40H, 
9.3 : 0.7 : 0.1 gave 8.2 mg of 4''-deoxy-4''- (S) - amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A as 
a white solid. 

NMR (400 MHz, CDCI3, at 60«C) 6 5.10 ( d. H-l"). 4.82 (dd, H-13). 4.46 (q, H-3), 4.39 (d, H-V), 4 00 (br 
H-5"), 3,27 (s. OCH3). 2.38 (s, N(CH3)2), 2.03 (s, NCH3). 
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EXAMPLE 97 

FMOC deprotection to give 4"-Deoxy-4"-(R) - amino-9-deoxo-8a-aza-8a-methyl>8a-honnoerythromycin A 



10 



15 




To 7.0 mg of the 4"-(R)-FMOC derivative was added 0.25 ml of piperidine and the mixture was stirred at 
room temperature. After 15 minutes TLC showed that the reaction was complete at which point piperidine was 
removed under vacuum and the residue purified by silica chromatography. Elution with CH2Cl2-MeOH-NH40H, 
20 9.3 : 0.7 : 0.1 gave 4.3 mg of 4"-deoxy-4"- (R) - amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A as 
a white solid. 

EXAMPLE 98 

25 4"-Deoxo-4MS)-acetylamino-9-deoxo-8a-aza-8a-methyl-8a-homoefythromycin-A 



30 



35 




To a solution of 17.0 mg (0.022 mmol) of 4''-deoxy-4"- (S)-amino-9-deoxo-8a-aza-8a-methyl-8a-homoer- 
40 ythromycin A in 1.0 ml ethyl acetate was added 4.7 mg (0.046 mmol) of acetic anhydride and the mixture was 
stirred for 24 hours. To the reaction was then added 1 .0 ml of water and the mixture was stirred for an additional 
30 minutes. The pH of the aqueous layer was then adjusted to the 9-10 range with IN sodium hydroxide solution 
and this layer was extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried (anhydrous 
sodium sulfate), and evaporated to yield crude product that was identified by NMR to be 2'-0-acetyl-4"-deoxo- 
4$ 4"-(S)-acetylamino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin-A (diagnostic signals at 6 4.72 dd, H-2' 
and at 3.70. t, H-4"). This product was not purified but was directly hydrolyzed by simply stirring in methanol 
at room temperature for 24 hours. Evaporation of methanol followed by silica chromatography and elution with 
CH2Cl2-MeOH-NH40H. 95:5:1 gave 16.2 mg of 4"-deoxy-4''-(S)-acetylamino-9-deoxo-8a-aza-8a-methyl-8a- 
homoerythromycin A as a white solid. 
50 TLC Rf 0,50 (CH2Cl2-MeOH-NH40H, 9.5:0.5:0.1) 
MP 131*^-135^0 

iH NMR (400 MHz, at eO^'C. CDCI3) 6 5.76 (d, NHAc). 5.13 (d, H-l"), 4.83 (dd, H-13). 4.49 (t, H-3), 4.30 (d, H- 
V). 4.07 (m. H-5''), 3.70 (t, 8-4"), 3.25 (s, OCH3). 2,29 (br. N(CH3)2), 3.01 (s, NHCOCH3). 1.96 (s, NCH3). 
FAB mass spectrum (Li spike), m/z 796. 579. 374, 306, 161. 

55 
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EXAMPLE 99 

4"-Deoxo-4"-(R)-acetylamino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 




To a solution of 20.0 mg (0.026 mmol) of 4''-deoxy-4"-(R)-amino-9-deoxo-8a-aza-8a-methyl-8a-homoer- 
ythromycin A in 1.0 ml ethyl acetate was added 5.8 mg (0.056 mmol) of acetic anhydride and the mixture was 
stirred for 24 hours. To the reaction was then added 1 .0 ml of water and the mixture was stirred for an additional 
30 minutes. The pH of the aqueous layer was then adjusted to the 9-10 range with IN sodium hydroxide solution 
and this layer was extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried (anhydrous 
sodium sulfate), and evaporated to yield crude product that was identified by NMR to be 2'-0-acetyl-4''-deoxo- 
4"-(R)-acetylamino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin-A (diagnostic signals at 6 4.70 dd. H-2' 
and at 3.66. d. H-4'*). This product was not purified but was directly hydrolyzed by simply stinring in methanol 
at room temperature for 24 hours. Evaporation of methanol followed by silica chromatography and elution with 
CH2Cl2-MeOH-NH40H. 95:5:1 gave 17.6 mg of 4''-deoxy-4''.(R)- acetyl ami no-9-deoxcK8a-aza-8a-methyl-8a- 
homoerythromycin A as a white solid. 
TLC Rf 0.60 (CH2Cl2-MeOH-NH40H. 9.0:1.0:0.1) 
MP 153°-1 56*^0 

iH NMR (400 iClHz, at 60^C. CDCI3) 6 5.75 (d, NHAc). 5.17 (d. H-r). 4.83 (dd, H-13). 4.68 (q. H-5"), 4.48 (br, 
H-3). 4.39 (d, H-V). 3.74 (d. H-4"). 3.29 (s. OCH3). 2.27 (br. N(CH3)2). 2.01 (s, NHCOCH3). 1.99 (s, NCH3). 
FAB mass spectrum (Li spike), m/z 796. 597. 579. 366. 306. 



116 



BP 0 508 699 A1 



EXAMPLE 100 

Synthesis of 4"-(4-methoxyphenylacetyl)amincK4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoefythrom 
A by acylation of 4^^-amino-4"-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A: 




NH2 




= H • 

4''-Amino-4''-deoxy-9-deoxo-8a-aza-8a-methyi-8a-homoerythromycin A (150 mg, 0.20 mmol. mixture of 
epimers at 0-4") was added to a solution of 1,3-dicyclohexylcarbodiinnide (83 mg. 0.40 mmol) in 2 mL of dry 
dichloromethane. 4-Methoxyphenylacetlc acid (37 mg, 0.22 mmol) was then added followed by 4-dimethyla- 
minopyridine (10 mg, 0.08 mmol). The mixture (white precipitate) was stinred at room temperature for 1 5 hours 
then filtered. The filtrate was partitioned between dichloromethane (3 mL) and 5% aqueous K2CO3 (3 mL). The 
layers were separated and the aqueous layer was extracted with dichloromethane (3x3 mL). The combined 
organic layers were dried over MgS04, filtered, and evaporated. The crude product was purified by flash chro- 
matography on silica get (3.5 x 20 cm column eluted with 95 : 5 : 1 chlorofonm : methanol : saturated methanolic 
ammonia collecting 50 mL fractions). Fractions 5-8-were combined and evaporated under vacuum to afford 
4''-(4-methoxyphenylacetyl)-amino-4''-deoxy-9-deoxo-8a-a2a-8a-methyl-8a-homoerythromycin A(190 mg) as 
a coloriess oil (mixture of epimers at C-4"). The epimers were separated by repeated flash chromatography 
as described below. The mixture was first purified by flash chromatography on silica gel (3.0 x 22 cm column 
eluted with 94 : 4.5 ; 1.5 ethyl acetate : methanol : saturated methanolic ammonia collecting 50 mL fractions). 
Fractions 11-17 were combined and evaporated under vacuum to afford pure 4"-(S)-(4-methoxyphenylacetyl)- 
amino-4''-deoxy-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A (81 mg) as a colorless oil. Fractions 18- 
26 contained a mixture of both epimers by TLC (enriched in the 4"-(R) epimer) and were combined and evapo- 
rated to a colorless oil (74 mg). This mixture was then repurified by flash chromatography on silica gel (3.0 x 
24 cm column eluted with 95.5 : 3 : 1.5 chloroform : methanol : saturated methanolic ammonia collecting 50 
mL fractions). Fraction 4 was evaporated under vacuum to afford pure 4"-(R)-(4-methoxyphenylacetyl)-amino- 
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4"-deoxy-9.deoxo-8a-aza-8a-methyl-8a-homoerythromycin A (15 mg) as a colorless oil. Evaporation effrac- 
tions 5-8 provided an additional 50 mg of material which consisted of a mixture of the 4"-(S) and 4"-(R) epimers. 

DATA FOR 4'--(S)-EPIMER : 

iH NMR (400 MHz, CDCI3, 53^0): 6 7.15'(2 H. d. J = 9 Hz, Ar-H); 6.84 (2 H. d. J = 9 Hz, Ar-H). 3.77 (3 H. s. 
ArOCHj). 3.68 (1 H, t. J = 9 Hz, H4-). 3,15 (3 H. s, OCH3). 2.32 (6 H, br s, N(CH3)2). 2,01 (3 H, br s, NCH3). 

DATA FOR 4"-(R)-EPIMER : 

iH NMR (400 MHz. COCI3, 53^0): 6 7.17 (2 H, d, J = 9 Hz, Ar-H). 6.87 (2 H, d, J = 9 Hz, Ar-H). 3.80 (3 H, s, 
ArOCHj). 3.27 (3 H. s. OCH3), 2.32 (6 H. br s, N(CH3)2), 2.02 (3 H, br s. NCH3). 

EXAMPLE 101 

General Procedure for the Coupling of N-Fluorenylmethoxycarbonyl Amino Acid Pentafluorophenyl Esters 
to 4"-Deoxy-4"-amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 




(4"R,S)-4"-Deoxv-4"-(N-FnrK)o-L-alanyl)amino-9-deoxo^a-aza-8a-methyl-8a-homoerythromyci A ( R = Methyl) 

To a solution of 50 mg (0.06 mmol) of (4''R,S)-4''-deoxy-4"-amino-9-deoxo-8a-aza-8a-methyl-8a-homoer- 
ythromycln A In 2 ml N-methyl pyrrol idone was added 35 mg (0.07 mmol) of N-Fmoc-L-alanine pentaflurophenyl 
ester and the resulting mbcture was stinred for 2 hours at room temperature. The reaction mixture was diluted 
with 2 ml of water and extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried (an- 
hydrous sodium sulfate), and evaporated. Silica chromatography with CH2Cl2-methanol-NH40H, 95 : 5 : 1, af- 
forded 48.8 mg (78 % yield) of the title compound. 

iH NMR (400 MHz. at 60*'C.CDa3) 6 7.74 -7.27 ( m. aromatic protons). 5.19 (d. H-l"). 5.07 (d; H-l"), 4.87 - 
4.81 (br, H-13). 4,69 (q. H-S"). 4.49 ( br. H-3). 4.42 (br, H-3). 4.14 (m, H-5''). 3.72 (d. H-4'*). 3.67 (t, H-4"). 3.27 
(s, OCH3). 3.15 (s, OCH3). 2.28 (s, N(CH3)2). 2.25 (s, N(CH3)2). 2.03 (s. NCH3). 
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FAB Mass Spectrum (Li spike), m/z 1047.5, 782.8. 591.6, 573.6. 422.4. 
EXAMPLE 102 

5 The following derivatives were prepared using the procedure of Example 1 01 by substituting the appropri- 

ate N-Fmoc amino acid pen tafluoro phenyl ester for N-Fmoc-L-alanine pentafluorophenyl ester. 

(4"R,S)-4"-Deoxy-4"-(N-FnrK)c-L-valyl)amino-9-deoxo-8a-aza-8a>methyl-8a-homoefyt^ A (R = Isopropyl) 

10 Yield 63 % 

iH NMR (400 MHz, at eo^'CCDCIa) 6 7.72 -7.28 (m, aromatic protons), 5.18 (d, H-1"), 5.13 (d, H-l"), 4.88 - 
4.82 (br, H-13), 4,70 (q, H-5"), 4.48 ( br, H-3), 4.12 (m, H-5"), 3,73 (t. H-4"). 3.69 (d, H-4"), 3.25 (s, OCH3) 
3.21 (s. OCH3). 2.29 (br, N(CH3)2), 2.00 (s, NCH3). 
FAB Mass Spectrum (Li spike), m/z 1076.3, 1070.6, 783.7, 592.1, 574.1. 

15 

(4"R,S)-4"-Deoxy-4"-(N-Fmoc-L-leucyl)amino-9-deoxo-8a-aza-8a-methyl-8a- homoerythromycin A ( R = 2- 
Methyl propyl) 

Yield 88 % 

20 NMR (400 MHz, at 60*C,CDCl3) 6 7.73 -7.27 (m, aromatic protons), 5.17 (d, H-1"), 5.08 (d, H-1"). 4.87 - 

4.82 (br, H-13), 4.69 (q, H-5"). 4.50 ( br. H-3), 4.48 ( br, H-3), 3,68 (t, H-4"), 3.48 (d, H-4"), 3.27 (s, OCH3), 
3.15 (s. OCH3), 2.30 (s, N(CH3)2), 2.25 (s, N(CH3)2). 2.00 (s. NCH3). 

(4"R,S)-4^-Deoxy-4"-(N-Fmoc-L-phenylalanyl)amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A (R 
25 = Benzyl) 

TLC Rf 0.47 (CH2C!2-MeOH-NH40H, 9.3 : 0,7 : 0.1) 
Yield 90 % 

1H NMR (400 MHz, at 60^C,CDCl3) 6 7.72 -7.20 (m. aromatic protons), 5.12 - 5.09 (br, H-1"), 4.86 - 4.81 (br. 
30 H-13), 4.60 (q. H-5''), 4.06 (m, H-5"), 3.67 (d, H.4''), 3.63 (t H-4"), 3.26 (s, OCH3). 3.10 (s, OCH3), 2.31-2.22 
(br. N(CH3)2). 2.01 (s. NCH3). 

(4"R,S)-4"-Deoxy-4"-(N-Fmoc-0-tert-butyl-L-tyrosyl)amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromy- 
cin A ( R = 4-t-Butoxy benzyl) 

35 

TLC Rf 0.33 (CHjCIa-MeOH-NH^OH. 9.3 : 0.7 : 0.1) 
Yield 89 % 

^H NMR (400 MHz, at eO^CCDCy d 7.72 - 6.85 (m, aromatic protons), 5.12 (d, H-1"). 5.10 (br, H-l"). 4.85 - 
4.82 (br, H-13), 4,65 (q. H-S"), 4.06 (m, H-5"), 3.68 (d, H-4"). 3.64 (t. H-4"), 3.27 (s, OCH3), 3.12 (s, OCH3), 
40 2.29 (s, N(CH3)2 ). 2.25 (br. N(CH3)2), 2.03 (s. NCH3). 

FAB Mass Spectrum (Li spike), m/z 1196.1, 1189.9, 783.8. 592.1. 574.1. 



45 
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EXAMPLE 103 

General Procedure for the Deprotection of 4"-Deoxy-4"-(N-Fmoc-aminoacyl)amino-9-deoxo-8a-aza-8a-me- 
thyl-8a-homoerythromycin Derivatives 




(4^ R,S)-4"-Deoxy-4"-(L-alanyl)amino-9'deoxo-8a-a2a-8a-methyi-8a-hornoerythromycin A ( R = Methyl ) 

To 40 mg (0.038 mmol) of (4" R,S)-4'' -deoxy-4''-(N-Fmoc-L-alanyi) amino-9-deoxo-8a-aza-8a-nnethyt-8a- 
homoerythromycin A in 1 ml of methylene chloride was added 0,5 ml of piperidlne and the reaction was stinred 
for 2 hours at room temperature. After verifying completion of the reaction by TLC. the mixture was evaporated. 
Silica chromatography with CH2Cl2-methanol-NH40H, 95 : 5 : 1 afforded 26.2 mg (85 % yield) of the title conrv 
pound. 

TLC Rf 0.44 (CH2Cl2-MeOH-NH40H. 9 : 1 : 0.1) 

iH NMR (400 MHz. at eO^C.CDCIa) 6 5.21 (d, H-l"), 5.15 (d. H-l"). 4.84-4.79 (m, H-13). 4.68 (q, H-S"), 4.46- 
4.44 (m, H-3). 4.41 (d. H-V). 4,38 (d. H-V). 4.13 (m, H.5''). 3.70 (d. H-4''). 3.66 (d, H-4''). 3,30 (s. OCH3). 3.28 
((s, OCH3), 2.29 (s, N(CH3)2 ), 2.27 (s, N(CH3)2), 2.01 (s, NCH3). 2.00 (s, NCH3). 
FAB Mass Spectrum (Li spike), m/z 826.5. 756.4, 573.9, 229. 

EXAMPLE 104 

The following derivatives were prepared by the procedure of Example 103 by substituting the appropriate 
precursors for 4''-deoxy-4''-(N-Fmoc-L-alanyt)amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A. 

(4''R,S)-4"'Deoxy-4"-(L-valyl) amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A ( R = Isopropyl ) 

Yield 94 % 

NMR (400 MHz. at 60*^C.CDCl3) 6 5.20 (d. H-r). 5.15 (d. H-l"). 4.84- 4.80 (br. H-13), 4. 68 (q. H-5"), 4.46 
( br. H-3), 4.41 (d, H-l"). 4.37 (d. H-l"). 4.14 (m. H-5''), 3.72 (t. H^"). 3.70 (d, H-4'*). 3.30 (s. OCH3), 3.27 (s, 
OCH3). 2.29 (s, N(CH3)2). 2.27 (s, N(CH3)2). 2.01 (s. NCH3). 
FAB Mass Spectrum (Li spike), m/z 854.3. 848.6. 783.7, 574,1 
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(4"R.S)-4"-Deoxy-4"-(L-leucyl) amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A ( R = 2- Methy l 
propyl ) ' " 

Yield 88 % 

NMR (400 MHz. at BO^'CCDCIj) 5 5.2'Kd, H-1"), 5.16 (d, H-V). 4.85- 4.80 (br, H-13). 4,68 (q. H-5"), 4.48 
( br. H-3), ,4.40 (d, H-V). 4.38 (d. H-1'). 3,71 (t. H-4"), 3.68 (d. H-4"), 3.29 (s, OCH3). 3,27 (s. OCH3), 2.30 (s 
N(CH3)2). 2.29 (s. N(CH3)2). 2.02 (s. NCH3). 
FAB Mass Spectrum (Li spike), m/z 868.2, 862.2, 592, 574. 

(4"R.S)-4"-Deoxy-4"-(L-phenylalanyl)amino-9-deQxo-8a-aza-8a-methyl-8 a--homoervthromycin A ( R = Ben- 

Ml ~ ' ~ 

Yield 65 % 

NMR (400 MHz. at 60*^C.CDCl3) 5 7.30-7.18 (m, aromatic Protons), 5.19 (d, H-1"). 5.17 (br, H-1"), 4.84- 
4.79 (br, H.13), 4.67 (q. H-5"). 4.44 (br, H-3), 4.41 (d. H-l'), 4.37 (d. H-l"), 4. 13 (m, H-5"), 3.71 (t, H-4"), 3 30 
(s. OCH3). 3.27 (s. OCH3). 2.29 (br, N(CH3)2), 2.01 (s. NCH3). 

(4"R,S)-4"-Deoxy-4"-(0-tert-butyl-L-tyrosyl)amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A ( R = 
4-t- Butoxy benzyl ) 

Yield 93 % 

^H NMR (400 MHz. at 60*^0.00013) 5 7.10-6.89 (m. aromatic Protons). 5.18 (d. H-1"), 5.1 5 (d, H-1 "), 4.84- 4.80 
(br. H-13). 4.68 (q, H-5"). 4.45 (br. H-3), 4.41 (d. H-1'). 4.39 (d. H-1"). 4. 23 (m, H-5"), 3.30 (s, OOH3). 3.28 (s 
OOH3). 2.30 (br. N(CH3)2), 2.01 (s. NOH3). 

FAB Mass Spectrum (Li spike), m/z 974.1, 783.8. 592.1, 574.1. 416.3. 
EXAMPLE 105 

(4"R.S)-4"-Deoxy-4"-(N-Fmoc-L-prolyl)amino-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 
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Pf p=Pentaf luorophenyl 
Fm oc=Fluorenylm et hoxycar^bonyl 



To a solution of 50 mg (0.06 mmol) of (4"R,S)-4''-deoxy-4''-amino-9-deoxo-8a-aza-8a-methyl-ea-homoer- 
ythromycin A in 1 ml N-methylpyrrolidone was added 40 mg (0.07 mmol) of N-Fmoc-L- prolyl pen tafluoro phenyl 
ester and the resulting mixture was stirred overnight at room temperature. The reaction mixture was diluted 
with water and extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried (anhydrous 
sodium sulfate), and evaporated. Silica chromatography with CH2Cl2-methanol-NH40H, 93 : 7 : 1 , afforded 55.5 
mg (77 % yield) of tide compound. 

NMR (400 MHz, at SO^CCDCIa) 5 7,73 -7.26 (m. aromatic Protons), 5.17(d, H-r). 5.08 (br d, H-r). 4.88 - 
4.82 (br, H-13). 4.64 (q. H-S"). 4.10 (m, H-S"), 3.70 (d. H-4''), 3.66 (t, H-4"). 3.28 (s. OCH3). 3.15 (s, OCH3). 
2.40 (s, N(CH3)2 ). 2.35 (br. N(CH3)2), 2.09 (s. NCH3). 2.05 (s, NCH3). 
FAB Mass Spectrum (Li spike), m/z 1073.5, 1067.8, 573.6. 
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EXAMPLE 106 

(4''R,S)-4"'Deoxy-4''-(L-prolyl)amincH9-deoxch8a-aza-8a-methyl-8a-homoerythromycin A 




To 45 mg (0.042 mmol) of (4"R,S)-4"-deoxy-4"-(N-FmQc-L-prolyl)amino-9-deoxo-8a-aza-8a-methyl-8a- 
homoerythromycin A in 2 ml of methylene chloride was added 0.5 ml of piperldlne and the resulting mixture 
was stirred for one hour at room temperature. After verifying the completion of reaction by TLC» the mixture 
35 was evaporated. Silica chromatography with CH2Cl2-methanol-NH40H, 95 : 5 : 1 afforded 27.8 mg (78 % yield) 
of the title compound. 

1H NMR (400 MHz, at BO^C.CDCIa) 6 5.20 (d. H-1"), 5.14 (d, H-l"). 4.85- 4.80 (br, H-13), 4.66 (q, H-5"), 4.46 
(br. H-3), 4.40 (d, H-l'). 4.35 (d, H-l"). 4. 12 (m. H-5"). 3.67 (d. H-4"). 3.65 (t H-4''). 3.29 (s, OCH3), 3.26 (s, 
OCH3). 2.28 (s. N(CH3)2), 2.26 (s, N(CH3)2), 2.01 (s, NCH3), 2.00 (s. NCH3). 
40 FABMassSpectrum(Lispike), m/z 851.8, 755.9, 722.8, 573.7. 
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EXAMPLE 107 

(4"R.S)-4"-Deoxy-4"-(L-aspartyl>p-benzy1 ester)-ammo-9-deoxo-8a-aza-8a-methyl-8a-homoerythromycin A 



To 89 mg (0.038 mmol) of (4" R,S)-4"-deoxy-4''-(N-Fmoc-L-as party!- b- benzyl ester)amino-9-d eoxo-8a- 
aza-8a-methyl-8a-honnoerythromycin A (prepared from (4''R,S)-4''-deoxo-4''-amino-9-deoxo-8a-aza-8a-me- 
thyl-8a-homoerythromycin A and Fmoc-L-aspartic acid-b-benzyl ester by DCC/DMAP coupling ) in 2.5 ml of 
methylene chloride was added 0.5 ml of piperidine and stirred for 2 hours at room temperature. The mixture 
was evaporated. Silica chromatography with CH2Cl2-methanol-NH40H, 95 : 5 : 1 afforded 47.4 mg (85% yield) 
of the title compound. 

1H NMR (400 MHz, at eO^'C.CDCIa) 6 7.31 (m aromatic protons). 5.16 (s. CHj-Ar). 5.13 (s, CHj-Ar). 4.85-4.81 
(br, H-13). 4.80 (q. H-5''). 4.46 (br, H-3), 4.41 (d, H-l"). 4.37 (d, H-l"), 4. 14 (m, H-5"), 3.30 (s. OCH3), 3.28 
(s, OCH3). 2.29 ( br s. N(CH3)2), 2.05 (s, NCH3). 
FAB Mass Spectrum (Li spike), m/z 953.7. 928.5. 591.8, 574. 




Piperidine 



tOjCHzPh 
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EXAMPLE 108 

(4"R.S)-4'^Deoxy-4"-(L-aspartyl)amino-9-deoxo-8a-aza-8a-methyl-8a>homoerythromycm A 




A mixture of 34 mg (0.035 mmol) of (4"R.S)-4"-deoxo-4"-(L-aspartyl -b-benzyl ester)amino-9-deoxo-8a- 
aza-8a-methyI-8a-homoerythromycin A and 10 mg of 10% Pd/C in 2 ml methanol was stirred under hydrogen 
at room temperature for 18 hours. The reaction mixture was filtered and the filtrate was evaporated under va- 
cuum to give 26.4 mg ( 86% yield ) of the tide compound. 

iH NMR (400 MHz, at eO'^C.CDCIa) S 5.18 ( br, H-l"), 5.10 (d, H-1"). 4.87- 4.80 (br. H-13), 4.67 (q, H-5");4.40 
(br. H-3). 4.34 (d. H-1"). 4. 12 (m. H-5"), 3.67 (t. H-4"). 3.28 (s. OCH3), 3.25 (s, OCH3), 2.30 (br. N(CH3)2), 2.01 
(br. NCH3). 

FAB Mass Spectrum (Li spike), m/z 870, 755.1 . 591 .8. 573.8. 
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EXAMPLE 109 

(4"R,S)-4''-Deoxy-4"-(L-pyroglutamyl)ammo-9-deoxo-8a-aza-8a-methyi-8a-homoery^^ 




To 48 mg (0.040 mmol) of (4"R.S)-4"-deoxy-4"-(N-Fmoc-L-glutamyi-g-benzylester)amino-9-deoxo-8a- 
aza-8a-methyl-8a-homoerythromycin A (prepared from (4"R.S)-4"-deoxo-4"-amino-9-deoxo-8a-aza-8a-me- 
thyl-8a-homoerythromycin A and Fmoc-L-glutamyl-g-benzyl ester by DCC/DMAP coupling) in 2 ml of methy- 
lene chloride was added 0.5 ml of piperidine and stirred for 2 hours at room temperature. After verifying conrv 
pletion of the reaction by TLC, the mixture was evaporated. Silica chromatography with CH2Cl2-methanol- 
NH4OH, 95 : 5 : 1 afforded 13.2 mg (39% yield) of the titie compound. 

1H NMR (400 MHz, at GO^^CCDQa) 6 5.15 (d. H-l"). 5.12 (d, H-l"), 5.00 (dd, H-13), 4.87 (dd. H.13). 4.80 (q, 
H-5"). 4.52 (br s, H-3). 4.49 (d. H-1'). 4.30 (d, H-1'). 4. 19 (m. H-5"). 4.14 (m. CO-CH-NH-), 3.80 (d. H-4''). 3.75 
(t, H-4"), 3.30 (s. OCH3), 3.28 (s, OCH3), 2.32 ( s, N(CH3)2), 2.26 ( s. N(CH3)2). 2.01 (s, NCH3). 
FAB Mass Spectrum (Li spike), m/z 866. 859.9, 591.8, 573.9. 
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EXAMPLE 110 

(4"R,S)-4'^Deoxy-4"-(N-Fmoc-L-glutamyl)amino-9-deoxc>-8a-aza-8a-methyl-8a-homoerythromycin A 




CO2H 



A mixture qf 58 mg (0.048 mmol) of (4"R.S)-4''-deoxo-4"-(N-Fmoc-L-glutamyl-g-ben2ylester) amino- 9-de- 
30 oxo-8a-aza-8a-methyl-8a-homo erythno mycin A (prepared from (4"R,S)-4"-deoxy-4"-amlno-9-deoxo-8a-aza- 
8a-methyl-8a-homoerythromycin A and Fmoc-L-glutamic acid-g-benzyl ester by DCC/DMAP coupling) and 10 
mg of 10% Pd/C in 2.5 ml methanol was stirred under hydrogen at room temperature for 1 8 hours. The reaction 
mixture was filtered and the filtrate was evaporated under vacuum to give 39 mg (75 % yield) of the title com- 
pound. 

35 iH NMR (400 MHz, at SO^CCOCIa) 5 7.70 - 7.27 (m, aromatic protons), 6.15( br d, H-1"), 5.07 (d, H-1"), 4.88 
- 4.81 (br, H-13), 4.70 (q, H-5''). 3.75 (d, H.4"). 3.69 (t, H-4"). 3.29 (s, OCH3). 3.23 (s. OCH3), 2.67 (s. N(CH3)2 ), 
2.34 (s. N(CH3)2). 2.02 (s, NCH3), 2.00 (s, NCH3). 
FAB Mass Spectrum . m/z 1099.8, 873.9, 859.9. 
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EXAMPLE 111 

(4^^R,S)-4^'-Deoxy-4"-(L-glutamyl)amino-9-deoxo-8a-aza-8a-methyl-8a-homoefythrotriycin A 



5 ^N-^ 




CO2H 



30 To 39 mg (0.035 mmol) of (4''R,S)-4"-deoxo-4''-(N-Fmoc-L-glutamyl)amino-9-cleoxo-8a-aza-8a-methyi- 

8a-hofnoerythromycin A in 2 ml of methylenechloride was added 0.5 ml of piperidine and stin-ed for one hour 
at room temperature. After verifying completion of the reaction by TLC. the mixture was evaporated to dryness 
and the residue was repeatedly washed with hexane (to remove by product fluorenene/piperidine adduct) leav- 
ing behind 21 mg (69 % yield) of the title compound. 

35 NMR (400 MHz, at BO^CCDCIa) S 5.18 (d. H-l"). 5.10 (d, H-l"), 4.88- 4.84 (br, H-13), 4.70 (q. H-5"). 4.41 

(d. H-r). 4.40 (br. H-3). 4,34 (d, H-r). 4. 17 (m, H-5''). 3.30 (s, OCH3), 3.26 (s, OCH3). 2.50 (s. N(CH3)2). 2.28 
(s. N(CH3)2), 2.01 (s, NCH3). 

FAB Mass Spectrum (Li spike), m/z 883.7. 820,2. 591.8, 573.9, 416,3. 
40 EXAMPLE 112 

2"-0-Acetyl-9-deoxo-8a-aza-8a-allyi-8a-homoerythromycin A 



45 



50 




A solution of 9-deoxo-8a-aza-8a-allyi-8a-homoerythromycin A (8.65 g. 11.16 mmol) in ethyl acetate (65 
mL) was treated with acetic anhydride (1.6 mL, 16.7 mmol) then stirred at room temperature for 30 minutes. 
The reaction mixture was diluted with water (60 mL) and stirred while the pH was adjusted from 6.2 to 4.0 by 



128 



EP 0 508 699 A1 



addition of 2N hydrochloric acid. The aqueous phase was separated, layered with dichloromelhane (60 mL), 
and the mixture stirred while the pH was brought to 10 with 5N sodium hydroxide solution. The phases were 
separated and the aqueous portion was extracted with more dichloromethane (2 x 40 mL). The combined di- 
chloromethane extracts were dried with magnesium sulfate, filtered and evaporated under vacuum to provide 
2'-0-acetyl-9-deoxo-8a-aza-8a-ally!-8a-hpmoerythromycin A (8.08 g) as a foam. 
FAB-MS m/2 824 (M + Li), 818 (M + H). 658, 642. 

EXAMPLE 113 

4^^-Deoxy-4"-oxo-9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A 




A solution of 2'-0-acetyl-9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A (8.0 g, 9.79 mmol) in dichloro- 
methane (75 mL) and dimethylsulfoxide (7 mL, 97,9 mmol) was treated over two minutes with 1 -(3-d im ethyl a- 
minopropyl)-3-ethyicarbodiimide hydrochloride (5.64 g, 29.4 mmol) and then over three minutes with pyridinium 
trifluoroacetate (5.7 g. 29.4 mmol). The resulting mixture was stirred at room temperature for 2.5 hours, then 
diluted with water (75 mL) and stirred vigorously while the pH of the aqueous phase was adjusted from 4.6 to 
9.5 by addition of 5N sodium hydroxide solution. The phases were separated and the aqueous portion was ex- 
tracted with more dichloromethane (2 x 50 mL). The combined dichloromethane extracts were washed with aqu- 
eous 5% sodium bicarbonate (3 x 50 mL). dried over magnesium sulfate, filtered and evaporated under vacuum 
to afford crude 2'-0-acetyl-4''-deoxy-4"-oxo-9-deoxo-8a-aza-8a-aliyl-8a-homoerythromycin A (8.4 g) as a 
foam. 

The crude product was dissolved in methanol (50 mL) and the solution was stirred at room temperature 
overnight followed by one hour at 50^*0. After cooling to room temperature, the mixture was evaporated under 
vacuum to afford 4''-deoxy-4'*-oxo-9-deoxo-8a-a2a-8a-allyl-8a-homoerythromycin A (7.7 g) as a foam, 
FAB-MS m/z 780 (M + Li). 774 (M + H). 616. 600. 
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EXAMPLE 114 

4"-Deoxy-4"-hydroxyimino-9-deoxo-8a-aza-8a-anyl-8a-homoerythromycin A 




Hydroxylamine hydrochloride (3.4 g, 49 mmol) was added to a solution of 4".deoxy-4"-oxo-9-deoxo-8a- 
aza-8a-allyl-8a-homoerythromycin A (4.0 g. 4.9 mmol) in pyridine (12 mL). The resulting mixture was stin-ed 
at room temperature for 1 6 hours, then evaporated under vacuum to remove the pyridine. The residue was stir- 
red with dichloromethane (100 mL) and water (100 mL. pH of aqueous phase was 5.9) and the layers separated. 
The aqueous portion was stinred with additional dichloromethane (100 mL) while adjusting the pH to 6.0 with 
5N sodium hydroxide solution. The extraction process was repeated with three additional 100 mL portions of 
dichloromethane with adjustment of the pH of the aqueous phase to values of 6.5, 7.0 and 1 1.0. The pH 7,0 
and 11.0 extracts were combined and.evaporated under vacuum to provide 4"-deoxy-4''-hydroxyimino-9-de- 
oxo-8a-aza-8a-allyl-8a-homoerythromycin A (2.36 g) as a mixture of oxime isomers. 

iH NMR (CDCI3. 60'C) 5 5.95 (br m. CH^CHa), 5.32 (t, H-l"). 5.14 (m. CH=CH2), 5.05 (m, H-5"), 4.92 (dd H- 
13), 4.42 (d, H-V). 4.38 (m. H-3). 3.63 (br s, H-ll), 3.31 (s, OCH3), 2.48 (br s, N(CH3)2). 0.90 (t, CH2CH3) 
FAB-MS m/z 795 (M + Li), 789 (M + H). 630, 616. 600. ~ 

EXAMPLE 115 

4"-Deoxy-4"-amino-9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A 




A solution of 4''-deoxy-4"-hydroxyimino-9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A (2.0 g. 2.4 
mmol) in methanol (50 mL) was treated sequentially with ammonium acetate (4.5 g, 58 mmol), sodium cyano- 
borohydride (0.5 g. 95% pure. 7.6 mmol), and titanium(lll)chloride (5.0 mLof a 15% solution in 20% hydrochloric 
acid. 5.8 mmol). The resulting mixture was stinred at room temperature for 27 hours, then treated with nitrome- 
thane (40 drops) and stinred an additional 1 5 minutes to reduce excess oxidant The apparent pH of the mixture 
was adjusted from 6.05 to 7.0 with 5N sodium hydroxide before evaporating the solvent under vacuum. The 
residue was stin-ed with dichloromethane (200 mL) and water (200 mL) while adjusting the pH of the aqueous 
portion to 9.5 with 5N sodium hydroxide. The layers were separated and the aqueous portion extracted with 
additional dichloromethane (2 x 100 mL). The combined dichloromethane extracts were dried over magnesium 
sulfate, filtered and evaporated under vacuum to afford the crude 4''-amino derivative (1.88 g). 

A portion (1,6 g) of the crude product was purified by column chromatography on EM silica gel 60 (4.5 x 
23 cm, 230-400 mesh, packed under 90:1 0:1 dichloromethane-methanol-conc. ammonium hydroxide). The col- 
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umn was eluted with 90:10:1 dichloromethanemethanol-conc. ammonium hydroxide, collecting 25 mL fractions. 
Fractions 15-24 were combined, evaporated under vacuum, and the residue lyophilized from benzene to afford 
4"deoxy-4"-amino-9-deoxo-8a-aza-8a-allyl-8a-homoerythromycin A (1.02 g) as a 3:2 (4"R):(4"S) mixture of 
isomers. 

5 iH NMR (CDCI3. 60-C) 5 5.94 (m, CH=CH^, 5.08 (m, CH=CH2 and H-l"). 4.93 (m, H-13), 4.64 (q. H-5" of the 
4"R-lsomer), 4.39 (m, H-V and H-3), 4.06 (dq, H-5'' of the 4"S-isomer). 3.65 (s, H-11), 3.54 (m, H-5 and H-S'), 
3.28 (s, OCH3 of the 4"R-isomer). 3.26 (s, OCH3 of the 4"S-lsomer). 2.36 (br s. N(CH3)2) 
FAB-MS m/z 781 (M + Li). 775 (M + H). 617, 616, 600. 

10 EXAMPLE 116 

4"-Deoxy-4"-amino-9-deoxo-8a-aza-8a-propyU8a-homoerythromycin A 



15 



20 




25 

A mixture of 4"-deoxy-4''-amino-9-deoxo-8a-aza-8a-allyi-8a-homoerythromycin A (ca. 150 mg of a mixture 
of 4"HSomers), 10% palladium on carbon (120 mg) and acetic acid (5 mL) was stirred under a hydrogen at- 
mosphere at room temperature for 5 hours. The mixture was filtered and the filtrate evaporated under vacuum. 
The residue wa? stirred with dichloromethane (6 mL) and water (4 mL) while adjusting the pH to 10 with dilute 

30 aqueous sodium hydroxide. The layers were separated and the aqueous portion was extracted with more di- 
chloromethane (4 mL). The combined extracts were dried over magnesium sulfate, filtered and evaporated un- 
der vacuum to provide crude product. 

The crude product was purified by chromatography on a column of EM silica gel 60 (4.5 x 14 cm. 230-400 
mesh). The column was packed and eluted with 90:10:1 dichloromethane-methanol-conc. ammonium hydrox- 

35 ide. collecting 8 mL fractions. Fractions 25-30 were combined and evaporated under vacuum to provide 4"- 
deoxy-4"-amino-9-deoxo-8a-aza-8a-propyl-8a-homoerythromycin A (121 mg) as a mixture of 4"-isomers (ca. 
2:1 R:S). 

NMR (CDCI3. 60^C) 6 4.66 (q. H-S" of the 4''R-isomer). 4.03 (m, H-5" of the 4"S-isomer). 3.27 (s, OCH3 of 
the 4"R-isomer), 3.25 (s, OCH3 of the 4''S-isomer). 2.40 (br s, N(CH3)2). 
40 FAB-MS m/2 777 (M + H). 61 9, 61 8. 602, 1 58. 

EXAMPLE 117 

2'-0-Acetyl-9-deoxo-8a-a2a-8a-methoxycarbonethyl-8a-homoerythromycin A 

45 
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Acetic anhydride (0.062 mL, 0.66 mmol) was added to a solution of 9-deoxo-8a-aza-8a-(3-methoxy-3-ox- 
opropyl)-8a-homoerythromycln A (355 mg, 0.43 mnr^ol) in dry ethyl acetate (2.7 mL). The resulting solution was 
stirred at room temperature for 3.5 hours. Water (2 mL) was then added and the two-phase mixture was stirred 
at room temperature for 2 hours. The pH of the aqueous phase was adjusted to 2.5 by addition of IN hydrochloric 

5 acid. The layers were separated and the organicphase was discarded. Fresh ethyf acetate was added and the 
pH of the aqueous layer was adjusted to^,5 by addition of IN sodium hydroxide. The layers were separated 
and the aqueous layer was extracted three times with ethyi acetate. The combined ethyl acetate extracts were 
dried over magnesium sulfate, filtered and evaporated under vacuum to afford 2'-0-acetyl-9-deoxo-8a-aza- 
8a-(3-methoxy-3-oxopropyl)-8a-homoerythromycin A (299 mg) as a clear colorless oil. The crude product was 

10 essentially pure and was used without further purification in the next step. 

iH NMR (400 MHz, CD3OD) 6 5.11 (br s. H-r). 4.75 (dd, H-2'). 4.65 (d, H-V), 4.29 (br s. H-3), 4.15 (m, H-S"). 
3.71 (m, H-5'). 3.67 (s. CO2CH3). 3.56 (d, H-5). 3.48 (br s. H-11), 3.35 (s^OCHa), 3.03 (d, H-4"). 2.27 (s! 
(N(CH3)2), 2.08 (s. OCOCH3), 1.33 (br s. 6-CH3), 1.1 1 (s. I2-CH3). 0.91 (t. CH2CH3). 

15 EXAMPLE 118 

2'-0-Acetyl-4"-deoxy-4"-oxo-9-deoxo-8a-aza-8a-(3-methoxy-3-oxo-propyl)-8a>homoerythromycin A 




30 1-{3-Dimet'hylamlnopropyl)-3-ethylcarbodiimide hydrochloride (200 mg. 1.04 rhmol) was added to a solu- 

tion of 2'-0-acetyl-9-deoxo-8a-aza-8a (3-methoxy-3-oxopropyl)-8a-homoerythromycin A (299 mg. 0.35 mmol) 
in dry dichloromethane (2.1 mL). Methyl sulfoxide (0.246 mU 3.5 mmol) was then added dropwise followed by 
dropwise addition of a solution of pyridinium trrfluoroacetate (204 mg. 1 .06 mmol) in dry dichloromethane (0.7 
mL). The reaction mixture was then stirred at room temperature for 1 1 0 minutes. Aqueous potassium carbonate 

35 (5%) was added and the pH of the aqueous layer was adjusted to 10 by addition of solid potassium carbonate. 
The layers were separated and the aqueous layer was extracted four times with ethyl acetate. The combined 
organic layers were dried over magnesium sulfate, filtered and evaporated under vacuum to afford 2'-0-acetyl- 
4''-deoxy-4''-oxo-9-deoxo-8a-aza-aa-(3-methoxy-3-oxopropyf) -8a-homoerythromycin A as a clear yellow oil 
(746 mg). The crude product contains some residual DMSO and other reagent derived impurities. However. It 

40 was used without further purification in the next step. 

iH NMR (400 MHz, CD3OD) 6 5.56 (m. H-r), 5.03 (dd, H-13). 4.79 (dd. H-2'), 4.58 (br s, H-3). 4.56 (d, H-V), 
4.53 (q, H-S"). 3.66 (s, CO2CH3). 3.58 (d, H-5). 3.55 (m. H-5'), 3.41 (br s, H-11), 3.26 (s, OCH3). 2.26 (s. 
N(CH3)2), 2.10 (s, OCOCH3). 0.90 (t, CH2CH3). 

45 



50 



55 
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EXAMPLE 119 

4"-Deoxy-4"-hydroxyimino-9-deoxo-8a-aza-8a-(3-methoxy- 3-oxopropyl)-8a-homoerythromycin A 

5 



10 




15 = 5 

A solution of crude 2'0-acetyl-4"-deoxy-4"-oxo-9-deoxo-8a-aza-8a-(3-methoxy-3-oxopropyl)-8a-homoer- 
ythromycin A (746 mg) in methanol (4 mL) was stirred at room temperature for 1 9 hours. Analytical TLC showed 
complete deacetylation. Hydroxylamlne hydrochloride (121 mg) was then added. The reaction mixture was stir- 

20 red at room temperature for 1.5 hours then evaporated under vacuum. The residue was partitioned between 
ethyl acetate and aqueous potassium carbonate (pH of aqueous layer was adjusted to 10 by addition of solid 
potassium carbonate). The aqueous layer was extracted four times with ethyl acetate and the combined organic 
layers were dried over magensium sulfate, filtered and evaporated under vacuum to afford a clear colorless oil 
(294 mg). The crude product was purified by flash chromatography on EM silica gel 60 (4.0 x 48 cm column 

25 eluted with 95:5:1 chloroform:methanol:aqueous ammonia collecting 30 mL fractions). Fractions 23-34 were 
combined and evaporated under vacuum to afford 4"-deoxy-4"-hydroxyimino-8a-aza-8a-(3-methoxy-3-oxo- 
propyl)-8a-homoerythromycin A (169 mg) as a foam. 

iH NMR (400 MHz, CD3OD) 6 5.33 (dd.H-l"), 5.16 (q, H-5''). 5.05 (dd, H-13), 4.42 (d. H-1'). 4.31 (br s. H-3), 
3.71 (br s. H-11), 3.66 (s. CO2CH3). 3.65 (d. H-5), 3.58 (m, H-5'), 3.28 (s, OCH3). 3.25 (dd, H-2'), 2.32 (s. 
30 N(CH3)2), 1.31 (br s, 6-CH3), 1.10 (s, I2-CH3). 1.09 (d, 8-CH3). 1.03 (d, 4-CH3). 0.96 (d, IO-CH3), 0.90 (I, 
CH2C H3 ). 

EXAMPLE 120 

35 4"-Deoxy-4"-amino-9-deoxo-8a-aza-8a-(3-methoxy-3-oxopropyl)-8a-homoefythromycin A 



40 



45 




A solution of 4"-deoxy-4''-hydroxyimino-9-deoxo-8a-aza-8a-(3-methoxy-3-oxopropyl)-8a-homoerythro- 
50 mycin A (1 69 mg, 0.19 mmol) In absolute ethanol was stirred with Raney nickel for 2 hours at room temperature 
to remove potential catalyst poisons. The Raney nickel was removed by filtration and the filtrate was evaported 
under vacuum. The residue was dissolved in acetic acid (4 mL) then platinum oxide (123 mg. 0.54 mmol) was 
added. The reaction mixture was shaken under a hydrogen atmosphere (1000 psi) at room temperature for 48 
hours. The mixture was then filtered through Gel ite® and the filtrate was evaporated under vacuum. The residue 
55 was partitioned between 10% aqueous sodium bicarbonate and ethyl acetate. The aqueous layer was-extract- 
ed six times with ethyl acetate. The combined organic layers were dried over magnesim sulfate, filtered and 
evaporated under vacuum to afford a colorless oil (1 1 6 mg). Analytical TLC indicated that no reaction had oc- 
curred. The crude material was therefore redissolved in acetic acid (4 mL) and platinum oxide (115 mg, 0.50 
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mmol. different batch) was added. The mixture was shaken under an atmosphere of hydrogen (1000 psi) at 
room temperature for 72 hours. Workup as before afforded 4"-deoxy-4"-amino-9-deoxo-8a-aza-8a-(3-me- 
thoxy-3-oxopropyl)-8a-homoerythromycin A (ca, 1:1 mixture of epimers at C-4") as a white solid (73 mg). 
NMR (400 MHz. CD3OD) 6 5.23 and 5.19 (two br s, H-l"), 5.02 and 4.98 (two dd, H-B). 4.44 and 4.37 (two 
5 d. H-V), 3,58 (s. CO2CH3), 2.55 and 2.51 (two s, N(CH3)2). 
FAB-MS, m/z 826 (M+Li). / 

EXAMPLE 121 

10 2^-0-Acetyi-8a-aza-8a-homoerythromycin 



A solution of 8a-aza-8a-homoerythromycin A (1.37 g, 1.83 mmol) and acetic anhydride (0.26 mL. 2.75 
25 mmol) in ethyl acetate (12 mL) was stirred at room temperature for 27 minutes, then treated with pyridine (0.1 5 
mU 1.83 mmol) and stirred an additional 18 minutes. The mixture was evaporated under vacuum to remove 
most of the ethyl acetate. The residue was stirred with dichloromethane (12 mL) and water (12 mL) while the 
pH of the aqueous phase was carefully adjusted to 1 1 by addition of aqueous sodium hydroxide. The layers 
were separated and the aqueous portion was extracted with more dichloromethane (12 mL). The combined 
30 extracts were dried with magnesium sulfate, filtered and evaporated under vacuum to provide 2'-0-acetyi-8a- 
aza-8a-homoerythromycin A (1.45 g) as a foam. This material was used in the next step without further purifi- 
cation. 

EXAMPLE 35 

35 

4''-Deoxy-4"-oxo-8a-aza-8a-homoerythromycin A 



20 



15 




40 




Ov"„ / ACOV. 




DhBO 

hbaK CHj) jHs C= NEt 



45 



CgHaN • CFaCPaH 
CHjClj 



EtjN 
MaOH 



50 



55 




a 



134 



EP 0 508 699 A1 



A solution of 2'-0-acetyl-8a-aza-8a-homoerythromycin A (1.45 g. 1.83 mmol) in dichloromethane (20 mL) 
was treated sequentially with dimethyl sulfoxide (1.3 mL, 18.4 mmol), 1-(3-dimethylaminopropyl)-3-ethylcar- 
bodilmide (1.06 g, 5.52 mmol) and pyrldinium trifluoro acetate (1.06 g. 5.52 mmol). The resulting solution was 
stirred at room temperature for 3.5 hours, then diluted with water (1 2 mL) and stirred while the pH of the aqueous 
phase was brought to 9.5 with aqueous sodium hydroxide. The layers were separated and the aqueous portion 
extracted with more dichloromethane (3 x''35 mL). The combined dichloromethane extracts were washed with 
5% aqueous sodium bicarbonate, dried over magnesium sulfate, filtered and .evaporated under vacuum to pro- 
vide crude 2'-0-acetyl-4"-deoxy-4"-oxo-8a-a2a-8a-homoerythromycin A as a foam. 

NMR (CDCI3) 6 5.52 (d, NH), 5.35 (t, H-1"). 4.94 (dd. H-13). 4.72 (dd. H-2'). 4.37 (m. H-3 and H-5"), 4.31 
(d. H-1'), 4.17 (m, H-8), 3.47 (d, H-5), 3.37 (m. H-5'). 3.43 (s. H-11). 3.32 (s, OCH3). 2.58 (m, H-2), 2.27 (br s, 
N{CH3)2), 2.06 (s. OCOCH3), 0.89 (t, CH2CH3). 

Deacetylation was accomplished by dissolving the above product in methanol (12 mL). adding triethylamine 
(ca. 0.2 mL), and stirring the resulting solution at room temperature for 3 days. The solvent was removed under 
vacuum and the residue was chromatographed on EM silica gel 60 (230-400 mesh, 1 .5 x 4.5 cm column packed 
under and eluted with 90:10:1 dichloromethane-methanol-conc. ammonium hydroxide, collecting six 25 mL 
fractions followed by 8 mL fractions). Fractions 11-15 were pooled and evaporated under vacuum to provide 
4"-deoxy-4"-oxo-8a-aza-8a-homoerythromycin A (0.95 g) as a foam. 

NMR (CDCI3) 6 6.06 (br d. NH). 5.37 (t, H-l"), 4.92 (dd, H-13), 4.43 (m. H.3). 4.41 (q, H-5"), 4.21 (d, H-V). 
4.16 (m, H-8). 3.50 (d, H-5). 3.44 (s. H-11), 3.36 (m. H-5'), 3.29 (s. OCH3), 3.12 (dd, H-2'), 2.60 (dq. H-2). 2.42 
(m, H-3'), 2.23 (s, N(CH3)2). 1.87 (m, H-4 and H-14a), 1.63 (m, H-4'eq), 0.87 (t, CH2CH3) 

NMR (CDCI3) 6 212.1, 177.8, 176.6. 103.7, 95.4. 83.2, 77.4. 77.3, 77.0, 76.8, 76.7, 74.7. 74.1. 71.6, 70.4, 
70.0. 69.3. 65.4. 51.2. 45.5, 42.7, 42.6, 41.6, 40.5. 40.2. 36.8. 28.4. 27.6. 23.4. 21.6. 21.4, 20 8 16 2 16 1 
14.8,11.3,9.2. 

FAB-MS m/z 748 (M + H), 591, 158. 

EXAMPLE 123 

4"-Deoxy-4"-hydroxyimino-8a-aza-8a-homoerythromycin A 




A mixture of 4"-deoxy-4"-oxo-8a-a2a-8a-homoerythromycin A (0.90 g, 1.2 mmol), hydroxylamine hydro- 
chloride (0.85 g. 12 mmol) and pyridine (4 mL) was stinted at room temperature for 24 hours, then evaporated 
under vacuum. The residue was stirred with water (25 mL) and dichloromethane (25 mL) while adjusting the 
pH of the aqueous phase from 5 to 1 1 with aqueous sodium hydroxide. The phases were separated and the 
aqueous portion was extracted with more dichloromethane (6 mL). The combined dichloromethane extracts 
were dried with magnesium sulfate, filtered, evaporated under vacuum, and three times dissolved in wamri tol- 
uene (20 mL) and evaporated under vacuum to afford crude 4'*-deoxy-4''-hydroxyimino-8a-a2a-8a-homoery- 
thromycin A (0.90 g) as a 3:1 mixture of oxime isomers. 

^H NMR (CDCI3) S 5.97 (br d, NH), 5.22 (t, H-1" of minor isomer), 5.14 (t. H-1" of major isomer), 5.07 (q, H-5" 
of major isomer), 4.95 (br d. H-13 of major isomer). 4.92 (br d, H-13 of minor isomer), 4.54 (q, H-5" of minor 
isomer). 4.38 (d, H-1'). 4.24 (m, H.3), 4.15 (m. H.8). 3.74 (d, H-5), 3.56 (m, H-5'), 3,45 (br s. H-11). 3.27 (s, 
OCH3). 3.16 (dd, H-2'), 3.47 (m, H.3'). 2.34 (s. N(CH3)2). 0.87 (t, CH2CH3), 

^^C NMR (CDCI3) S 1 77.6. 1 76.3. 1 60.4, 1 57.4. 1 04. 1 , 1 02.9. 95.6, 95.4. 83.8, 83.2, 79.9, 76.9. 76.6, 75.0, 74.9, 
74.2, 74.0. 70.6, 70.3. 69.4, 68.9, 66.8. 65.8, 65.5, 65.4, 51.1. 50.3, 45.3. 42.8, 42.4, 41.7, 41.6. 41.4. 40.7. 
39.4. 35.3. 29.0. 28.9. 27.4. 27.3. 25.2, 23.4, 23.0, 21.7, 21.5, 21.4, 21.3, 17.5. 17.3. 16.5, 15.4, 14.8. 11.2, 
11.1, 9.4. 

FAB-MS m/2 785 (M + Na), 769 (M + Li). 763 (M + H), 592. 417. 158. 
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EXAMPLE 124 

4"-Deoxy-4"-amino-8a-aza-8a-homoerythronnycin A 



10 



15 




A solution of 4"-deoxy-4"-hydroxyimino-8a-a2a-8a-homoerythromycin A (200 mg. 0.26 mmol) in methanol 
(4 mL) was treated sequentially with ammonium acetate (450 mg, 5.78 mmol), sodium cyanoborohydride (48 
mg, 95 % pure, 0.73 mmol) and titanium(lll)chloride (0.50 mL of a 15% solution in 20% hydrochloric acid, 0.58 

20 mmol). The resulting mixture was stirred at room temperature for 24.5 hours, then treated with nitromethane 
(8 drops) and stirred a few minutes. Evaporation of the solvent under vacuum left a residue which was stin-ed 
with dichloromethane and water while adjusting the pH of the aqueous phase to 9.5 with sodium hydroxide. 
The layers were separated and the aqueous portion was extracted with more dichloromethane. The combined 
organic extracts were dried with magnesium sulfate, filtered and evaporated under vacuum to a foam (1 63 mg). 

25 The crude product was purified by chromatography on EM silica gel 60 (230-400 mesh. 1 .5 x 30.5 cm col- 

umn packed under and eluted with 90:10:1 dichloromethane-methanol-conc. ammonium hydroxide, collecting 
7 X 8 mL fractions then 43 x 3 mL fractions followed by 8 mL fractions). Fractions 53-62 were combined, evapo- 
rated under vacuum, and the residue was lyophilyzed from wami benzene (8 mL) containing a few drops of 
dichloromethane to afford 4''-deoxy-4''-amino-8a-aza-8a-homorythromycin A (76 mg) as a mixture of 4"-iso- 

30 mers (ca. 55:45 (4''R):(4"S) as detenmined by NMR). 

iH NMR (CDCI3) 5 6.69 and 6.54 (two br d'». NH), 5.08 and 5.06 (two overiapping d'^ H-1"), 4.87 (dd. H-13). 
4.56 (q, H-5" of 4"R-isomer), 4.50 (d. H-1' of 4"R-isomer), 4.44 (d, H-1' of 4"S-isomer). 4.30 (m, H-3), 4.13 (m. 
H-8), 3.99 (dq, H-5" of 4"S-isomer). 3.55 and 3.53 (two overiapping d'», H-5), 3.46 and 3.45 (two s'», H-11), 
3.26 (s, OCH3 of 4"R-isomer), 3.24 (s, OCH3 of 4"S-isomer), 3.16 and 3.13 (two overiapping dd'», H-2'), 2.31 

35 (br s, N(CH3)2 of 4''S-isomer). 2,77 (br s, N(CH3)2 of 4"R.isomer). 1.67 (m, H-4'eq). 1.48 (s. 6-CH3), 0.86 (t, 
CH2CH3). 

i^C NMR (CDCI3. 60*^0 6 177.6. 177.5, 176.5, 176.3. 103.0, 102.6. 95.1. 94.9. 83,4, 83.0. 77.3, 77.2. 77.0, 
76.8, 76.6, 75.1, 74.8. 74.1, 74.0. 72.7. 70.5. 70.2. 68.6, 68.4. 66.1, 65.8, 65.7, 62.8, 61.9, 57.9, 49.2, 45,7, 
43.2, 43.0. 42.6, 42.5. 41.6. 41.6, 40.6, 40.5, 40.1, 35.1, 29.1. 29.0. 27.7. 23.2, 22.0. 21.7, 21.2, 18,7. 17.8, 
40 16.2, 16.1. 14.6. 14.5. 11.0. 9.7, 9.6. 9.2, 9.1. 
FAB-MS m/z 771 (M = Na), 592. 158. 
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EXAMPLE 125 
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30 = 

By using variations of the procedures described in Examples 98-101 and the 4"-amino derivatives of Ex- 
amples 94, 96. 97. 115, 116 and 120. the following 4"-acylamino analogs were prepared. 

35 
40 
45 
50 
55 
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R 



R 



1 2 



4" -configuration 



CH3 SO2CH3 



CH^ SO. 




// 




CH, SO 




CH3 COCH2CHCCH3)2 
CH3 COCHaCHCCHg^s 




CH3 CO,eH- 



2^"2 \\ // 



R + S 
R 



R 
S 

R + S 
R + S 



R + S 
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EXAMPLE 125 (CONT'D) 

>1 2 



R R 4" -conf iguratioi 




CHo CO — (\ /) ^ R + S 



CH^ CO <f II R + S 

S 

CO <C~/> R + S 




CH2CH=CH2 SO2 (\ /)— CHg R + S 



CH2CH=CH2 COCH2CH3 R + S 

CH2CH=CH2 COCHjCHCCHg^s R + S 




CH2CH=CH2 COCH2 — //~CH3 R + S 

R + S 



CH2CH=CH2 COCH2 — ^Tj} 
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EXAMPLE 125 (CONT'D) 
R 



R 



1 2 



4" -configuration 



CH2CH=CH2 CO 




v\ // 



CHjCHrCHs C02CH2CH=CH2 



R + S 



CH2CH=CH2 CO2CH2 



NO2 R + S 



CH3CH2CH2 COCH2CHCCH3)2 



R + S 



CH3CH2CH2 COCHa 




H, R + S 




CH3O2CCH2CH2 SO2— (\ //-CH3 R + S 



CH3O2CCH2CH2 COCH2CH3 



R -»- S 



CH3O2CCH2CH2 COCH2-\\ //-OCH3 R + S 




EXAMPLE 126 

The antibacterial activities of the compounds of Examples 8 and 1 0 against a panel of aerobic Gram positive 
and negative bacteria is shown in Table I. Similarly, the antibacterial activities of the compounds of Examples 
89. 94, 98. and 97 are presented in Table II. The assay employs a liquid turbidimetric microtiter method for the 
determination of the minimum inhibitory concentration (MIC) in broth media. The MIC endpoint in mcg/ml is de- 
fined as the lowest concentration of test compound that completely inhibits the growth (absence of turbidity) 
of bacteria. The MIC is generally not an absolute value but rather a concentration range that falls wittiin a two- 
fold dilution limit. Generally twelve two-fold dilutions of the test compound are employed with the initial con- 
centration set at 128 mcg/ml. 
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TABLE I 



In Vitro Activity of Compounds 


of 


Examples 8 


and 


10 








MIC Values 


(mcg/ml) 


Microorganism 








8 




10 


Enterococcus faecalis 


MB 


5407 




8 




4 


Enterococcus faecium 


MB 


5416 


0 


.25 


0 


.25 


Streptococcus agalactiae 


CL 


1343 


• ±0 


.06 


±0 


.06 


Staphylococcus aureus 


MB 


2865 


0 


.5 


0 


.5 


Staphylococcus epidermidis 


MB 


5414 




1 




1 


Staphylococcus haemolyt icus 


MB 


5412 


0 


.5 


0 


.5 


Streptococcus pneumoniae 


CL 


2883 


±0 


.06 


±0 


.06 


Streptococcus pyogenes 


MB 


2874 


±0 


.06 


xo 


.06 


Streptococcus pyogenes 


MB 


54061 


128 


128 


Steptococcus viridans 


CL 


2943 




8 




1 


Escherichia coli 


MB 


2884 




4 




1 


Escherichia coli 


MB 


4926 




2 


0 


.06 


Klebsiella pneumoniae 


MB 


40051 




8 




2 


Pseudomonas stutzeri 


MB 


1231 


±0 


.06 


±0 


.06 



Example 8 9-Deoxo-8a-aza-8a-homoerythromycin A 
Example 10 9-Deoxo-8a-methyl-8a-aza-8a-homoery- 
thromycin A 
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TABLE II 



In vitrQ Activity of Compounds of 





Exampl-es 


89, 


94, 96. 


* and 


97 




Mi crooroani sm 




89 


94 


96 


97 


Ervthroii' 


Enterococcus faecal is 


MB 5407 


1 


4 


2 


2 


1 


Staphylococcus aureus 


MB 2865 


0.5 


1 


1 


1 


0.12 


Staphylococcus epidermi di s 


1 MB 5414 


0.25 


0.5 


0.51 


0.5 


0.12 


Streptococcus pneumoniae 


CL 2883 


<0.06 


<0.06 


<0.06 


10,06 


<0,06 


Streptococcus pyogenes 


MB 2874 


<0.06 


<0.06 


<0.06 


<0.06 


<0.06 


Enterobacter cloacae 


CL 4298 


0.5 


<0.06 


<0.06 


0.12 


16 


Escherichia coli 


MB 2884 


1 


0.12 


0.12 


0.25 


16 


Klebsiella pneumoniae 


MB 4005 


1 


0.12 


0.12 


0.25 


32 


Haemophi 1 us i nf 1 uenzae 


MB 5363 


0.5 


0.5 


0.25 


0.5 


2 


Haemophilus influenzae 


AT 43163 


0.5 


0.25 


0.25 


0.25 


2 
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Example 
Example 

Example 
Example 



89 
94 

96 
97 



4"-Epi-9-deoxo-8a-aza-8a-methyl-8a- 
homoerythromycin A 

4*'-D€oxy-4»'-amino-9-deoxo-8a-a2a-8a- 
methyl-8a-homoerythromycin A (2:1 mixture 
of 4"-isomers) 

4»'-Deoxy-4"(S)-amino-9-deoxo-8a-a2a-8a- 
methyl-8a-homoerythromycin A 
4'»-Deoxy-4"(R)-amino-9-deoxo-8a-a2a-8a- 
methyl-Sa-homoerythromycin A 



The compounds of formula (II) are useful as antibacterial agents both in vitro and in vivo , and their spectrum 
of activity is similar to that of erythromycin A, Consequently, they can be used for the same purposes, and. in 
the same manner as erythromycin A In general, the antibacterial compounds of formula II and salts thereof, 
exhibit in vitro activity against a variety of Gram-positive microorganisms, e.g. Streptococcus pyogenes , and 
against certain Granvnegative microogranisms such as those of spherical or ellipsoidal shape (cocci). Their 
activity is readily dernonstrated by in vitro tests against various micro-organisms. Their in vitro activity renders 
them useful for topical application; for sterilization purposes, e.g.. sick-room utensils; and as industrial antimi- 
crobials, for example, in water treatment, slime control, and preservation of paint and wood. The extrapolation 
of such in vitro tests to support for such utilities for macrolide compounds is taught in U.S. Patent No. 4,518,590, 
cited above. 

While the invention has been described, exemplified and illustrated in reference to certain preferred em- 
bodiments thereof, those skilled in the art will appreciate that various changes, modifications and substitutions 
can be made therein without departing from the spirit and scope of the invention. 

It is intended, therefore, that the invention be limited only by the scope of the claims which follow and that 
such claims be interpreted as broadly as is reasonable. 
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Claims 



1. A compound of the fomiula: 




O 



R 



,7 



CH3 



and the phanmaceutically acceptable salts and esters thereof, and the phamnaceutlcally acceptable metal 
complexes thereof, wherein 
Ri is 



hydrogen; 
hydroxy; 
Ci_4 alkoxy; 
fomiyl; 

Ci_io alkylcarbonyl, Ci_ioalkoxycarbonyl. aryloxycarbonyl, Ci_io aralkoxycarbonyl. Ci_ioal- 



kylsulfonyl. or arylsulfonyl wherein said C,.ioalkyi group or aryi group is substituted by 1-3 halo (F,CI,Br). 
hydroxy, amino, Ci_5 acylamino or alkyi groups; or unsubstituted or substituted Ci_io alkyl. C2-10 al- 
kenyl or C2-10 alkynyl wherein said alkyl chain, if more than 2 carbons in length, can have inserted therein 
1 to 2 of oxa. thia or aza of the formula-NR-where R is hydrogen or C1.3 alkyl. and wherein said substituents 
are independently 1-3 of 

(a) aryl or heteroaryl optionally substituted by 1-3 halo (F.CI.Br.l), alkyl. alkoxy, amino. 
alkylamino, dl(Ci_4 alkyl)amino or hydroxy. 

(b) heterocydyl unsubstituted or substituted by hydroxy, amino. alkylamino, di(Ci_4 alkyl)amino. 
C,^ alkylcarbonyloxy or alkylcarbonylamino. 

(c) halo (F. CI. Br or I), 

(d) hydroxy non-acyfated or acylated by a group 



wherein R» is hydrogen. Ci^ alkyl. aryl. heteroaryl. aralkyl. or heteroralkyl and R** is Ci^ alkyl or aryl, 
(e) Ci_io alkoxy, 



0 




or 




(0 aryloxy of heteroaryloxy unsubstituted or substituted by 1-3 halo, hydroxy, amino or Ci_4 alkyl groups, 
(g) amino or Ci_io alkylamino non-acylated or acylated by a group 
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R^C. R^OC 

or Rt'S02, 

(h) di(Ci.io alkyl)amino, 

(i) arylamino, heteroaryl amino, aralkylamino or heteroarylalkyi amino wherein said aryl or heteroaryl 
group is unsubstituted or substituted by 1-3 halo, hydroxy, amino or C^-C^ alkyi groups. 

(j) mercapto, 

(k) Ci_io alkylthio, alkylsulfinyl or alkylsulfonyi, arylthio, arylsulfinyl or arylsulfonyl wherein said aryl 
group is unsubstituted or substituted by 1-3 halo, hydroxy, amino orCi^ alkyI groups, 
(I) formyl, 

(m) Ci.io alkylcarbonyi, 

(n) arylcarbonyl, heteroarylcarbonyl. aralkylcarbonyl or heteroaryl alkylcarbonyi wherein said aryl or het- 
eroaryl group is unsubstitued or substituted by 1-3 halo, hydroxy, amino or Ci_4 alkyI groups, 
(o) carboxy. 

(P) Ci_io alkoxycarbonyl, 

(q) aryloxycarbonyl, heteroaryloxycarbonyl, aralkoxycarbonyl or heteroaryl alkoxycarbonyl wherein said 
aryl or heteroaryl group is unsubstituted or substituted by 1 -3 halo, hydroxy, amino or alkyI groups, 
(r) carbamoyl or sulfamoyi wherein the N-atom is unsubstituted or substituted by 1-2 Ci_6 alkyI groups 
or by a alkylene chain, 
(s) cyano, 
(t) Isonitrilo 
(u) nitro. 
(v) azido. 

(w) iminomethyl unsubstitued or substituted on nitrogen or carbon with Ci_io alkyl. 

(x) oxo or 

(y) thiono; R 

^ and RIO together are C1-C3 alkylene unsubstituted or substituted by an 0x0 group; 

Ri and R^ together are C1-C3 alkylene unsubstitued or substituted by an 0x0 group 
R2 and R^ are hydrogen, 
Ci_io alkyi. 
aryl 

R2 and R^ together are 0x0 and thiono; 

R^ and RS are independently hydrogen and alkylcarbonyi; 

R* and RS are together carbonyl 

R® and R^ are both hydrogen or one of R« and R^ is hydrogen and the other is hydroxy, or an acyloxy 
derivative taken from the group consisting of formyloxy. Ci_io alkylcarbonyloxy. arylcarbonyloxy and aral- 
kylcarbonyl oxy. and -NHR12 wherein R12 is hydrogen, arylsulfonyl or heteroarylsulfonyl unsubstituted or 
substituted by 1-3 halo or alkyl groups, alkylsulfonyi, or 

0 

-C-X-A-r13 

where 

X is a connecting bond, O or NH, 

A is a connecting bond or C^-Ca alkylene, 

R^3 is hydrogen. Ci-Cioalkyl, aryl. aralkyi, heteroaryl, heterocyclyl. orCa-Cy cydoalkyi, any of which 
R13 groups other than hydrogen can be substituted by one or more of halogen, hydroxyl. C1-C3 alkoxy. 
cyano, isonitrilo, nitro. amino, mono- or di- (C1-C3) alkylamino. mercapto, C1-C3 alkylthio, C1-C3 alkylsul- 
finyl, C1-C3 alkylsulfonyi. aryithio. arylsulfinyl, sulfamoyi. arylsulfonyl. carboxy. carbamoyl. Ci -C3 alkylcar- 
bonyi. or C,-C3 alkoxycarbonyl; 

R« and R^ are together 
0x0, hydroxyimino. alkoxyimino. aralkoxyimino or aminoimino; 

R® is methyl, aralkoxycart>onyi. and arylsulfonyl; 
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R9 is hydrogen, fonmyl, 
Ci_io alkylcarbonyl, Ci_io a'koxycarbonyl. and arylalkoxycarbonyl; 

m and n are independently integers of zero or one; and said metal complex is taken from the group con- 
sisting of 

copper. 

zinc, 

cobalt. 

nickel and 

cadmium. 

A compound of the formula: 




and the phanmaceutically acceptable salts, esters and metal complexes thereof, wherein 
X. if present is 0; 
R is 

hydrogen, 

hydroxyl. 

alkylcarbonyl. 

alkoxycarbonyl, 

aryloxycarbonyl, 

aralkoxycarbonyl, 

arylsulfonyl, 

unsubstituted or substituted Ci-Cio alkyi or C2-C10 alkenyl wherein said substituent is taken from 
the group consisting of: 

amino. C1-C10 alkylamino, di(Ci-Cio alkyi)-amino. hydroxy. C1-C10 alkoxy. aryloxy. C1-C10 alkylthro. 
arylthio. C1-C10 alkyfsulfonyl. arylsulfonyl, carboxy. cyano. amido, C1-C10 alkoxycarbonyl, bromo. chloro. 
fluoro. aryl. heteroaryl. heterocyclyl, carbamoyl. 0x0. sulfanrK)yl, C1-C10 alkyicarbonyloxy, C1-C10 alkylcar- 
bonyl, C1-C10 aikylcarbonylamino. aralkyloxycarbonyl; 
R' and R" are independently 

hydrogen. 

hydroxy, 

C1-C10 alkyicarbonyloxy. aralkylcarbonyloxy. or-NHR2 wherein 

R2 is 

hydrogen. 

C1-C10 alkylcarbonyl. 
arylsulfonyl, 

halogen-substituted arylsulfonyl. 
heteroarylsulfonyl. or 
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-C-X-A-R-^ 

where 

X is a connecting bond, O or NH 

A is a connecting bond, or C1-C3 alkylene. 

R3is 

hydrogen, 

Ci-Cioalkyl, 

aryl, 

aralkyi, 

heteroaryl, 

heterocyclyl or 

C3-C7 cycloalkyi, 

any of said groups other than hydrogen can be substituted by one or more substituents taken 
from the group consisting of: 

halogen, hydroxy!, C1-C3 alkoxy, carboxy, cyano. isonitriio, nitro, amino, mono- or di- (C1-C3 alkyi) 
amino, mercapto. C1-C3 alkylthio. C1-C3 alkylsulfinyi, C1-C3 alkylsulfonyl, arylthio, arylsulfinyl, sulfamoyi. 
arylsulfonyl, carbamoyl, C1-C3 alkylcarbonyl, C1-C3 alkoxycarbonyl, aralkyloxycarbonylamino, or C1-C10 
afkyfamido; 

and R' and R" together are 
0x0 or 

hydroxyimino. 
A compound of the formula: 




and the phamnaceutically acceptable salts, esters and metal complexes thereof, wherein R is 
hydrogen, 

Ci_io alkyl. C2-10 alkenyl, or arylsulfonyl; 

R' and R" together are 0x0 or hydroxyimino; or 

R' and R" are independently one of hydrogen. 

hydroxyl, Ci_io alkylcarbonyioxy, aralkyi carbon yloxy. amino, amino substituted by any of 
Ci_io alkylcarbonyl, arylcartionyl, aryl C,.io alkylcarbonyl, C^.to alkoxycarbonyl. aryl Ci_io alkoxycarbonyl. 
heteroarylcarbonyl, heteroarylalkylcarbonyl or arylsulfonyl. 

A compound of the formula: 
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and the phannaceutically acceptable salts, esters and nnetal complexes thereof, wherein the configuration 
at 4" Is (R) or (S) or a mixture thereof, 
wherein 
R is 

CH3, CH3CH2. CH3CH2CH2, (CH3)2CH, CH2=CHCH2. CH=CCH2. HOCH2CH2. HOCH2CH2CH2. 
CH3O2CCH2CH2, C6H5CH2O2CCH2CH2, NCCH2, H2NCH2CH2. (CH3)2NCH2CH2, or CH2=CFCH2, CeHgCHz 
and 



A compound of the formula: 




and the phanmaceutically acceptable salts, esters and metal complexes thereof, 
wherein the configuration at 4" is (R) or (S) or a mixture thereof, 
wherein 
R is 

CH3. CH3CH2. CH3CH2CH2. (CH3)2CH. CH2=CHCH2. CH=CCH2, HOCH2CH2, HOCH2CH2CH2, 
CH3O2CCH2CH2, C6H5CH2O2CCH2CH2. NCCH2, H2NCH2CH2, (CH3)2NCH2CH2. or CH2=CFCH2. C6H5CH2 
and 



The compound as claimed in Claim 1. wherein R^ is hydrogen. 
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7. The compound as claimed is Claim 1, wherein Ri is methyl. 

8. The compound as claimed in Claim 1, wherein is ethyl. 

9. The compound as claimed in Claim 1, wherein is n-propyl. 

10. The compound as claimed in Claim 1. wherein Ri is n-butyl. 

11. The compound as claimed in Claim 1, wherein Ri is isopropyl. 

12. The compound as claimed in Claim 1, wherein R*" is propenyl. 

13. The compound as claimed in Claim 1, wherein Ri is methoxycarbonylethyl. 

14. The compound as claimed in Claim 1, wherein n is 0. 

15. The compound as claimed in Claim 1, wherein n is 1. 

16. The compound as claimed in Claim 1, wherein R® and R^ are oxo. 

17. The compound as claimed in Claim 1, wherein R^ and R^ are hydroxyimino. 

18. The compound as claimed in Claim 1. wherein R^ is hydroxy! and R^ is hydrogen and the configuration at 
the 4"-position is (S). 

19. The compound as claimed in Claim 1, wherein R® is hydrogen and R^ is hydroxy! and the configuration at 
the 4"- position is (R). 

20. The compound as claimed in Claim 1 , wherein R^ is hydrogen and R^ is amino, respectively, or R^ is amino 
and R7 is hydrogen, respectively, 

21. The compound as claimed in Claim 1, wherein R® is hydrogen and R^ is amino substituted by methytcar- 
bonyl, respectively, or R^ is amino substituted by methylcarbonyl and R^ is hydrogen, respectively. 

22. The compound as claimed in Claim 1, wherein R® is hydrogen and R*^ is amino substituted by alkoxycar- 
bonyl, respectively or R^ is amino substituted by alkoxycarbonyf and R^ is hydrogen, respectively. 

23. The compound as claimed in Claim 1. wherein R® is hydrogen and R^ is amino substituted by methoxy- 
carbonyl. respectively or R® is amino substituted by methoxycarbonyl and R^ is hydrogen, respectively, 

24. The compound as claimed in Claim 1, wherein R« is hydrogen and is amino substituted by aralkoxy- 
carbonyl, respectively or R® is amino substituted by aralkoxycarbonyl and R^ is hydrogen, respectively. 

25. The compound as claimed in Claim 1, wherein R« is hydrogen and R^ is amino substituted by fluorenyl- 
methoxycartx)nyl, respectively or R« is amino substituted by fluorenylmethoxycarbonyl and R^ is hydrogen, 
respectively. 

26. The compound as claimed in Claim 1. wherein Ri is CH2=CFCH2. 

27. The compound as claimed in Claim 1. wherein R^ is FCH2CH2. 

28. A compound of the formula 
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and the pharmaceutically acceptable salts thereof. 
29. A compound of the formula 




and the pharmaceutically acceptable salts thereof. 
30. A compound of the formula 



H^C 



HO ///i^^ 




and the phanmaceutically acceptable salts thereof. 
31. A compound of the formula 
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and the pharmaceutically acceptable salts thereof. 

A pharmaceutical composition comprising a pharmaceutically acceptable carrier and an antibiotically ef- 
fective amount of the compound as claimed in any one of claims 1 to 3, 19 and 28 to 30. 

The use of a compound as claimed in any one of claims 1 to 3, 17 and 28 to 30 for the manufacture of a 
medicament for treating a bacterial infection. 
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